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IF IT'S HOT 
YOUR PROFITS 
ARE LEAKING AWAY 


TWECO 
GROUND CLAMPS 


A BETTER GROUND CONNECTION 
FOR MAXIMUM WELDING 
EFFICIENCY 


EASY ON — EASY OFF 


They bite like a bulldog 


Three sizes for a complete range of manual weld- Heat is undesirable in a welding circuit except at 
ing needs; high copper alloy construction with the point of weld metal deposit. Serious loss of arc 
welded jaw shunts for maximum conductivity and time can frequently be traced to a poor ground. 
efficiency. Positive grounding; strong jaw grip; Switch to TWECO ground clamps and get more 
easy to install bolt and clamp cable connector. profitable man-hours in your welding shop. 


Model Amp. Capacity Cable Capacity Price Write for 
: Midget 125 Ampere No. 6, 4, 2 $1.50 | Quantity prices. 
Write for Twecolog Jr. 300 Ampere 4,2 0, 1 3.00 | They save you 
#8 giving data and Sr 500 Ampere 1/0 thru 4/0 4.50 10 to 27% 
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® CABLE CONNECTIONS 
FOR ELECTRIC WELDING 
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Counterbalanced engine 


Rugged, economical oversized indus- 

trial engine. Snappy—smooth running. 

Gives wonderful welding performance 
all weather 


Extra capacity generator 


Guarantees long hours of continuous 
heavy duty welding. Oversize 4 pole 
exciter means quick arc recovery and 
instant arc 


KW 110 volt auxiliary power 


Supplies power for operating lights, 
tools, etc., where normal power is not 
available 


Automatic idling device 


Saves fuel, $$$, and reduces wear by 
slowing down engine speed when arc 
is not being used. 


Extra large gas tank 


25 gal. capacity. Lets you weld for 
days without refilling. Saves plenty on 
every job 


Multi-range dual control 


Gives operator choice of 1,000 com- 
binations of welding heat 


Cool running 
Air flows through, as well as around, the armature 
parts. Changes air twice as often as in ordinary 
construction 


Exceptionally stable arc 
Reactance automatically adjusts to meet require- 
ments of each welding range. Assures better, faster 
welds under all conditions 

Polarity control switch 
Instant and positive. Makes it fast and sim 
ple to change electrodes and polarity 

No dead spots 


in the entire welding range—very im 


portant. Operator has choice of 1,000 volt 
ampere combinations. 
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Among the twenty-four *top contract 
welding firms, fifteen regularly weld WELD WITH eee 


with Murex Electrodes. 


More of the leaders in important & 
industries prefer Murex Electrodes 
in their welding operations because 
they can be sure of sound welding— ns 
high deposition rates for economy 


*Those having AAAA directory ratings. 


METAL & THERMIT CORPORATION too cast sana st., new von 17, w. 
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Completely 
re-written 
Fourth 


Edition... 


Over 500 pages 
Over 1000 illustrations 


postpaid 


INCLUDED IN THE TABLE OF 
CONTENTS ARE SECTIONS 
ONTHE FOLLOWING SUB- 
JECTS AND MANY OTHERS 


Fundamentals of Resistance Welding 

Spot Welding 

Projection Welding 

Seam Welding 

Flash and Upset Butt Welding 

Butt-Seam Welding 

Electro-Forging & Upsetting 

You'll find the latest information about resistance welding methods, materials and Electro-Brazing 

Metals to be Welded 

Alloys to be Welded 

Resistance Welding Electrodes, 
Dies & Holders 

Recommended Practices for 
Resistance Welding 

Standard Methods for Testing 
Resistance Welds 


equipment in this new edition—the first in seven years—of the authoritative and 
widely-known Mallory Resistance Welding Data Book. Written and edited by 
welding engineers and metallurgists, it covers in detail both the theory and prac- 
tice of resistance welding. 


The Data Book’s 512 pages are profusely illustrated with photographs, charts, 
tables and diagrams. Send $3.00 today for your copy. Address P. R. Mallory & Co.. 
Inc., Indianapolis 6, Indiana. 
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Resistance Welding Tips, Holders, Dies, Rod and Bars, Castings, Forgings 


SERVING INDUSTRY WITH P.R. MALLORY & CO. inc. 
Capacitors Contacts 

Controls Resistors 

Rectifiers Vibrators 

Special Power 


Switches Supplies 
Resistance Welding Materials 


R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Swift-moving oxy-acetylene flames prepare steel plate 
edges for welding in a fraction of the time required by 
mechanical methods. Multiple nozzles, cutting in different 
planes simultaneously, slash with ease through any com- 
mercial thickness. Just one pass to “finish” dimensions turns 
out a square edge, single bevel, single bevel and nose, 
double bev el, double bevel and nose, or J-groove and nose, 
Edge preparation costs tumble; production booms. 

LINDE’s oxygen-cutting methods are simple and flexible. 
They are economical and easy to use. They cut plates so 
smoothly and accurately that no machining is necessary- 
edges are ready to weld “as cut”. Rigid fit-up and contour 
specifications are easily met. Yet, initial investment in 
OXxweLp flame-cutting equipment is only a fraction of that 


Mande 


Trode-Mark 


SQUARE NOSE 


One pass vets 


armor plate or 


any plate ready 


for welding 


for comparable machine tools. Upkeep over the years is 
extremely low. 

On-the-job power needs are negligible. Reaction of cut- 
ting oxygen with hot steel does all the work. Only fractional 
horsepower is required to move the cutting nozzles along a 
straight line, radius, or any guided path over the line 
of cut. 

For further details, telephone or write today. Linpe Air 
Propucts Company, a Division of Union Carbide and Car- 
bon Corporation, 30 E. 42nd St., New York 17, N.Y. 
Offices in Other Principal Cities. In Canada: Dominion 
Oxygen Company, Limited, Toronto. 


The terms “Linde” and “Oxweld” are registered trade-marks of 
Union Carbide and Carbon Corporation. 
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JOINING, TREATING, AND FORMING METALS 
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for 
tools subject to abra- 


sion and severe im- 


pact 


TYPICAL 
APPLICATIONS 


Tractor rollers and 
idlers; dredge pumps 
and cutters; bucket 
lips and teeth; rock 
crushers; steel mill 
wobblers; sheepsfoot 
tampers; etc. 


Electric AC 


VICTOR hara- 


Facing Alloys give 
you faster applica- 
tion, smooth depos- 
its, longer wear. 
Order from your 
VICTOR dealer TO- 
DAY. 


HARD-FACING 


ALLOYS 


for severe abrasion 


TYPICAL 
APPLICATIONS 


Bulldozer tips; grader 
blades; scarifier teeth; 
posthole augers; ditcher 
teeth; oil drilling bits; pug 
mill knives; asphalt mixer 


blades; etc. 
Gas and Electric AC-DC 


thin and smooth cut- 
ting edges 


TYPICAL 
APPLICATIONS 


Hand shovels; coal 
cutter bits; auger 
points; shredder 
knives; screw convey- 
ors; pug mill blades; 
ensilage knives; plow 
shares; drill bits; etc. 


1312 W. Lake St. 
CHICAGO 7 


3821 Santa Fe Ave. 
LOS ANGELES 58 
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by La Motte Grover 


HAT are the best methods for hardening rail 

ends in the field? Laboratory studies and field 

surveys of railway track are now providing the 

answer to this question. They are yielding 
information that puts field control of these heating 
and quenching operations on a more rational basis. 
Mystery and misunderstanding have prevailed for a 
number of years. Now metallurgical results can be pre- 
dicted within practical limits. 

Although there are still some differences of opinion 
regarding details of procedures, all investigators have 
found a great deal less batter for treated rails than for 
untreated ones, -as well as longer joint-bar life and 
other benefits (A.R.E.A. Proceedings, Bulletin 472, 49, 
$14). The principal lack of agreement now is on the 
degree and depth of hardness required for acceptable 
service behavior, and whether these are great enough 
to require the use of a compressed air quench. 

Water quenching is prohibited by the proposed 
recommendations of Committee 4—Rail, of the Amer- 
ican Railway Engineering Assn. (A.R.E.A. Proceedings, 
Bulletin No. 458, 47, (February 1946)). In their 
program of rail investigations, they found that water 
quenching introduced difficulties in control to prevent 
overhardening and subsequent spalling, chipping or 
surface checking. Such defects have to be repaired 
by welding. Water quenching has usually entailed 
subsequent tempering which also is difficult to control 
in the field. 

No reports have been found that indicate such 
surface cracking might result in fractures, but such 
defects occur soon after the hardening treatment 
and require earlier and more costly repairs. There- 


La Motte Grover is Welding Engineer with the Air Reduction, New York, 
N. 


Paper was presented at the Thirty-Second Annual Meeting, A.W.8., Detroit 
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Control of Rail-End Hardening 


§ Manual processes of flame hardening ends of ordinary carbon steel rail in the 
field using the compressed air-quench method and the self-quench method 
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fore, in the absence of perfect control, it seems advis- 
able to use procedures that may tend somewhat to 
provide less than optimum hardness, rather than risking 
overhardness. Even a moderate degree of over- 
hardness in some cases has been found to result in 
more wear on surfaces adjacent to the hardened ends 
than at the ends. The relatively high‘ rail ends then 
have to be ground down. 

There is a dearth of accurate, recorded information 
that reflects the influence of rail end hardness upon 
actual service behavior under various intensities of 
traffic. 
tending over a period of years. 


Very few railroads have such records ex- 
Unrecorded varia- 
tions in procedures used from time to time introduce 
further difficulties in correlating them with results. 
Those who have supervised operations in the field 
have some rather definite opinions and convictions 
but it is difficult to find recorded data to substantiate 
these impressions which are not always in agreement. 
One is confronted with somewhat of a dilemma in 
choosing the proper criterion for evaluating the results 
of a rail end hardening process. 

There are some very useful data in the progress 
reports of the A.R.E.A. Committee, together with 
their proposed recommendations. One has the choice 
of adopting a process and procedure that will provide 
hardnesses and depths of heat penetration that con- 
form to these proposed recommendations or, alterna- 
tively, to attempt to base his requirements upon the 
limited available data on amounts of batter in actual 
service, for rails end hardened by some of the various 
procedures that have been used. 

Some railroad maintenance-of-way engineers feel 
that the latter alternative might lead to adoption of a 
procedure that involves no quenching other than the 
so-called “self quench” or “mass quench.” This 
quenching is derived largely from the capacity of the 
adjacent cooler parts of a rail to conduct heat away 


| 
‘ 


rapidly from the heated rail end surface. On the 
other hand, it seems to be impracticable to attain con- 
sistently the A.R.E.A. recommended hardnesses and 
depths of penetration without additional quenching 
from a foreed air flow. Compressed air is often used 
to provide the quantity and rate of air flow required 
to produce specified hardnesses. 

From a practical viewpoint, elimination of air 
quench equipment reduces greatly the weight and bulk 
of equipment to be carried. The transporting and 
handling of a heavy air compressor and auxiliary equip- 
ment become rather impracticable, especially when the 
work must be done on a single track line between train 
movements, as a maintenance operation. 

In the absence of sufficient evidence to substantiate 
thoroughly the proposed A.R.E.A. Committee recom- 
mendations regarding desirable ranges of hardness, 
there is an increasing trend toward the use of the self- 
quench method. 

Some confusion has resulted from the difficulty of 
making accurate, significant hardness determinations 
in the field. Although the presence of a decarburized 
surface layer is recognized in the A.R.E.A. proposed 
recommendations, it has been common practice to 
tuke hardness readings on a surface that has been 
ground only enough to get a good impression. Varia- 
tions in depth and lack of homogeneity of the de- 
carburized surface preclude a satisfactory correlation 
between surface hardness and the actual hardness 
below the decarburized layer, where the A.R.E.A. 
recommendations call for the specified hardnesses to be 
attained. 

Partial decarburization has been found commonly 
to extend to depths as great as 0.025 in. (occasionally 
as great as 0.060 in.) below the surface of the rail, even 


after the flame-hardening operation has caused some 
It is obvious 
that it would not be acceptable to grind through this 
laver on a rail in track for the purpose of getting 
accurate hardness determinations. When batter and 


diffusion of carbon to the rail surface. 


wear, as measured '/s in. from end of rail, become as 
great as ' o in. (0.031 in.), some railroads consider it 
is time to build up the ends, this work being done as an 
out-of-face operation. 

Experience indicates that it is preferable to heat 
treat the ends of rails when they are new, before the 
surface has been worn down somewhat by batter in 
service. From the practical viewpoint, also this is 
usually more convenient. Laboratory studies have 
not indicated much influence from condition of rail 
surface before heating. 

Air Reduction has been conducting a study and 
investigation of rail end hardening processes and 
procedures, in the field and in its research laboratories 
at Murray Hill, N. J. In the course of these studies, 
many of the fundamental conclusions of the A.R.E.A. 
investigators at the University of Illinois have been 
contirmed, and a great deal of additional information 
has been developed. 
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Fig. 1 A dual multiflame heating tip with two burners 
spaced 2', in. apart is used frequently for procedures 
involving a compressed air quench 


The discussion of this paper will be confined to the 
manual processes of flame hardening ends of ordinary 
carbon steel rail in the field, Figs. 1 and 2, using the 
compressed air-quench method and the self-quench 
method. In these processes a substantial part of the 
quenching or cooling action is derived from the conduc- 
tion of heat into adjacent cooler parts of the rail, even 


Fig. 2. A comparatively large single-flame tip, operated 
in a shielding box, is used most commonly for self-quench 
procedures 
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though supplemented with a compressed air quench. 
For this reason, rapid concentrated heating with an 
oxyacetylene torch is universal practice in the field. 


PROPOSED RECOMMENDATIONS OF A.R.E.A. 


The proposed recommendations of the A.R.E.A. 
Committee, based upon laboratory testing and _ field 
observations are broad in scope, being designed to 
serve either mill or field practice. They are as follows: 

“1. The area reheated for hardening should cover 
the full width of the rail head and extend longitudinally 
on the top surface between 1'/2 and 3'/z in. from the 
end of the rail, and to a depth of not less than '/, in. 
(Author’s Note: This has been interpreted to mean a 
transformation depth of '/, in.) 

“2. Heating for hardening should be completed in a 
time not exceeding five minutes. 

“3. Quenching should be performed by a process 
designed to avoid the formation of martensite. Water 
should not be employed as a quenching medium. 

“4. Rails hardened in accordance with the instruc- 
tions of Paragraph 1, shall show a Brinell hardness at a 
point '/, to '/, in. from the end, on a center line, be- 
neath the decarburized surface, in accordance with the 
following: 


Permissible range 
in 
Vominal weight per yard Brinell hardness 


90-120 Ib. 331-401 

121 Ib. and over 341-415 
“5. Care should be taken to avoid abrupt changes in 
hardness in the hardened zone.” 


EQUIPMENT AND PROCEDURES 


For purposes of discussion two procedures will be 
described which are in common use and apparently are 
producing results that are considered satisfactory by 
the railroads using them One of these involves a com- 
pressed air quench and the other relies solely upon the 
self quenching effect. If very loosely controlled, 
factors other than quenching may vary sufficiently to 
result even in somewhat less surface hardness with a 
compressed air-quench procedure than with a. self- 
quench procedure. The self-quench method seems 
to require closer control than the compressed air 
method. 

Some of these factors will be discussed later in this 
paper. With a reasonable amount of care exercised 
in following prescribed procedures, sufficiently accurate 
results can be predicted. Precision control is not 
required. 

The heating equipment used in case of either pro- 
cedure includes a medium size heating torch and suit- 
able tips, a three-cylinder flexible hose acetylene 
manifold and suitable oxygen and acetylene regulators 
that will provide straight-line regulator perform- 


Fig. 3° A suitably equipped tractor carries supplies and 
apparatus when off-track equipment is used 


ance to control both gas flows and gas ratio under 
the imposed conditions of repeated on-and-off torch 
operation Fifty feet of */s-in. acetylene hose and 
50 ft. of 
procedure. Other equipment and supplies include 


s-in. oxygen hose are used for air-quench 


about 9 cylinders each of oxygen and acetylene, a 
surface grinder, a cross grinder and a shield to help 
protect signal bonds. This shield may be incorporated 
in a box that shields the flames from the wind and 
confines the heating to proper areas of the rail sur- 
faces. A heavy-duty motor car is provided, or a suit- 
ably equipped tractor if off-track equipment is used, 
Fig. 3 

\ typical crew includes a torch operator, a helper 
to handle hose and apparatus, a grinder and grinder’s 
helper, two flagmen and a motor car or tractor operator. 
If signal bonds have been installed and asbestos must 
be applied to protect them, this application and sub- 
sequent removal will require two laborers. In some 
cases, the labor cost for grinding would not properly 
be charged against flame-hardening operations 


Fig. 4 Air compressor and cylinders of oxygen and 
acetylene, mounted on heavy-duty push cars 
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Fig. 5 Compressed air quench box 


If a compressed air quench is used to attain hard- 
nesses and depths of hardness that will conform strictly 
to A.R.E.A. proposed recommended practices, a 
portable air compressor of about 105 cfm. capacity is 
commonly used, suitably mounted upon a push car, 
Fig. 4. An air-quench box is provided to apply the 
air to the rail ends. In Figs. 5 and 6, a typical box is 
illustrated, with 20 holes or jets of 7/4 in. diameter in 
its bottom. The box covers a 7-in. length of rail. 
The perforated bottom sits '/, in. above the rail sur- 
face. Approximately fifty feet of 1-in. hose is used to 
carry the air to the quench box. An additional helper 
may be required to handle the quench box. 


Air-quenching equipment of considerably smaller 
capacity has been used by some railroads usually with 
some sacrifice of attained hardness. Studies of the 
efficiency of various types of air-quenching equipment 
are being continued. 


Since liquid water in the air supply has been found 
to exert an important and uncontrollable influence 
upon hardnesses attained, it is very important to 
remove such moisture, preferably by means of an air 
drier, such as a silica-jel drier. A liquid trap of some 
kind would be helpful if drained frequently. In any 
event before operations are started, the compressor 
should be run for several minutes with the drain cock 
on the air reservoir open, until the compressor warms 
up, to preclude the presence of liquid water in the air- 
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quench line. Continuous bleeding is advisable during 
operation. 

The general procedure is first to surface grind the 
rail ends at a joint to eliminate any difference in height 
and to cross slot the rail joint with a cross grinder. 

Then the rail ends are heated as described later in 
this paper. If an air quench is used, it must be applied 
immediately after the heating. It is applied for not 
less than 20 seconds, with an initial pressure of about 
40 to 50 psi. at the quench box. Full pressure is 
maintained for at least 20 seconds. 


Fig.6 When acompressed air quench is used, it is applied 
immediately after heating is finished 
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HARDNESS DETERMINATIONS 


It has been customary to make occasional hardness 
readings on the rail surface after heat treatment, with 
only a slight amount of grinding to prepare the surface. 
However, in view of the decarburized layer on the 
surface and its lack of uniformity, such readings must 
If this method 
of checking is used at all, allowance must be made for 
the fact that such surface hardness values of BHN 269 


be regarded as only a very rough check 


to 341 have been measured where values determined for 
the underlying metal have fallen within the A.R.E.A. 
specified range of 341 to 415. 

The only method that has been developed for making 
a reliable check of hardness is by the use of off-track 
dummy joints made with short pieces of rail, that are 


processed according to the standard procedure. At a 


point '/, in. back from the end of the rail, about '/3: 


in. of metal is then removed slowly from the surface 


with a fine grinding wheel and low pressure, so that 
the hardness can be measured under the decarburized 
layer. With proper control over the rail end hardening 
procedure, only a very occasional check of this kind 


should be necessary and the expense should not be 


exorbitant. It has been found in the laboratory that 


Brinell values determined in this manner are in reason- 


able agreement with converted Rockwell values deter- 


mined by interior exploration made on specimens ob- 


tained by sectioning the railhead. 
If a portable Brinell tester is available it should be 


used in preference to a Shore Sceleroscope, because 


of the more meticulous procedure required with the 


Sceleroscope to obtain reliable readings. Also, it is 


impossible to make strictly accurate and _ significant 


conversions from Shore Sceleroscope readings to Brinell 


values. 


HEATING PROCEDURES 


For heating, both single-flame and multiple-flame 
burners have been used successfully. Sometimes a 
single tip is used, Fig. 2, oscillating it back and forth 


rapidly in heating the two rail ends of the joint in the 
Also, dual tips, Figs. 1 and 7 have 


same operation. 
been used with excellent results, with the two burners 
spaced 2'/, in. apart so that heat is delivered simul- 
taneously to the two rail ends, but the tip is moved 
around at all times in a prescribed pattern. 

Of course, it is very important to adhere to the pro- 


cedure and heating time that have been established 


for the particular arrangement of apparatus. For 


example, if one were to change to the use of two burners, 


of the same size as specified for single-burner operation, 
and if the heating time were not altered accordingly 
and perhaps other features altered to compensate, it is 
obvious that the heat would be more concentrated and 
would be delivered more rapidly to the rail ends. In 
this way it would be possible to develop objectionably 


high ‘surface hardnesses, probably of comparatively 
shallow depth, which could result in checking and 
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fig. 7 Heating is done sometimes with a tip having two 
single-flame burners. Note use of shield to protect signal 
bonds 


spalling of the rail ends during subsequent service. 

For one of the typical procedures that have been 
mentioned, which employs a compressed air quench, 
the heating is done with a dual tip of two burners 
spaced 2's in. apart, Fig. 8. Each burner has 9 holes 
of No. 60 drill size arranged in a ? 
nated as a Style 739, No. 10 size tip). 
clamped across the tip, providing two legs that slide 


z-in. circle (desig- 
A spacer bar is 
on the rail surface. It is adjusted to provide a space 
of */4 in. between the ends of the burners and the rail 
surface. This provides an acceptable distribution and 
depth of heating without requiring meticulous control 
to avoid overheating of the rail surface. A positive- 
pressure-type mixer, size 11 to 13, is used with this tip. 
With 50 ft. of *,5 in. acetylene hose and a hose-entry 
the desired flow of 150 
This produces about 


(regulator) pressure of 11 psi., 
cfh. of acetylene is obtained 
'/, in. depth of transformation in the railhead when 


Fig.8 A spacer bar with legs that slide on the rail surface 
insures proper tip-to-work spacing 
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the heating time is 60 sec. The acetylene consumed is 
therefore approximately 2%, cu. ft. per rail joint during 
actual heating time. The flames are maintained 
neutral to slightly oxidizing. With careful control 
of the heating time, it might be cut down to 50 sec., 
but any lesser time, associated with this particular 
procedure would result in a lesser depth of transforma- 
tion than the specified '/, in. If the heating time is 
extended considerably, the depth of transformation 
may be increased further, but careful control must be 
exercised to avoid surface melting. 

In heating, the full width of the rail head is covered 
uniformly for a distance of 2'/, in. on each rail end. 
One heating pattern that has been used, is a circle 
of 1'/:-in. diameter on each rail end, with the edge of 
*, in. from the end and sides of the 
rail head. Another, rectangular pattern, developed 


the circle about 


in the laboratory, seems to facilitate the proper distri- 
bution of heat, and it produces uniform hardness 


A rectangular path is followed on each rail 
3 


patterns 
end with its edges '|, to */s in. from end and edges of 
the rail, with an occasional figure-eight motion. 

During approximately the last 15 sec. of heating, 
after color appears, the heat is spread across both rail 
ends and is extended to the edges of the rail, using 
longitudinal strokes and manipulating the torch to 
produce a uniform color. Immediately after heating 
the compressed air quench is applied. 

For the other typical procedure, which has been re- 
ferred to as the self-quench method, a single flame tip 
of larger size has been used most commonly, oscillated 
back and forth from one rail end of the joint to the 
other. From the discussion of heating characteristics 
which follows later in this paper, it would appear that 
a dual, multiflame tip of suitable size might be used 
to good advantage for this procedure as well as for the 
compressed air-quench procedure. However, the pro- 
cedure as used most commonly will be described. 

The torch is provided with a semi-injector type 
mixer (811-1415), and a straight 12-in. extension. 

The single-flame tip is known as a Style 8, which pro- 
duces a comparatively long flame. The size used, No. 
13 has an opening of No. 10 drill size. With 100 ft. 
of */s-in. acetylene hose leading to a quick-acting valve 
block and 5 ft. of °/,-in. acetylene hose from the valve 


block to the torch, an acetylene hose-entry pressure of 


11'/» psi. is used, as measured while the gas is flowing 
(approximately 15 psi. when not flowing). The 
torch entry pressure would be about 6'/2 psi. for an 
acetylene flow of 250 ecfh. or 4'/2 psi. for 200 cfh. 
About 40 psi. oxygen pressure should be sufficient, if the 
sume hose-sizes are used for the oxygen. 

The recommended practice is to adjust the oxygen 
regulator to produce a neutral flame, while both torch 
valves are wide open and the 11'/2 psi. acetylene pres 
sure is maintained. For accurate control of gas flow 
the acetylene valve must not be throttled. 

Several patterns of heating or torch manipulation 
have been used. It is very important to administer 
and distribute the heat properly, to avoid excess or 
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insufficient hardness and provide the desired distribu- 
tion of hardness and depth of transformation. This is 
discussed later in more detail. 

One technique is to heat 3 or 4 sec. alternately on each 
rail end in a circular path such as one of the patterns 
described for the compressed air-quench method, con- 
tinuing this technique for about 15 to 20 sec. Then 
the flame is oscillated back and forth over both rail 
ends for an additional 12 to 15 sec., with longitudinal 
strokes, spreading the heat over the entire width of the 
ball of the rail, to produce uniform color. The total 
heating time is about 30 sec. or slightly longer. 

With another arrangement, a dual or twin tip with 
two single-flame burners or tips spaced 2!/2 in. apart is 
used, one burner for each rail end, each burner having 
an opening of No. 20 drill size. The technique of ma- 
nipulation is similar to that described for the com- 
pressed air-quench method, but the total time for heat- 
ing is only 30 to 35 sec. when the air quench is omitted 
and the size of burners increased to the No. 20 drill size. 

An accurate timing device should be used with any 
of these procedures. 

The torch is held so that the extreme end of the visible 
cone of the flame does not quite touch the rail surface 
A spacing device should preferably be used to insure 
such a tip-to-work spacing. 

In the absence of any quench other than the conduc 
tion of heat by adjacent parts of the rail and by the 
relatively still air of the atmosphere, it is particularly 
desirable to restrict the heating to the intended areas 
and keep the adjacent parts as cool as possible. To 
this end, the heating is done in a steel box-like enclo- 
sure, Fig. 2, provided with fire bricks or masses of 
metal, to confine the flame to the surface areas being 
heated and to help maintain secondary flame envelop- 
ment. Fire bricks, suitably located, protect the ma- 
terial of the box from the intense heat. 

Laboratory studies have led to the recommendation 
of some kind of wind break when wind velocities exceed 
20 mph. The above-described box will serve also in 
this capacity, when needed, to insure that the flames 
of the heating torch are not displaced sufficiently to re- 
sult in unsymmetrical heating of the surface of the rail 
and unsuitable distribution and degree of hardness. 

For this self-quench method the correct time interval 
during heating is especially important. An increase or 
decrease of only 10 or 15 sec. from the optimum heating 
period has been found to decrease the hardening so 
much as to make the operation virtually worthless. 
Sometimes such an increase will cause surface melting. 

In some procedures that have been tried for this self- 
quench method, more of a flash heat has been used than 
that just described. It should be kept in mind that 
very high rates of heating for comparatively short inter- 
vals of time tend to produce very shallow depths of 
nardness and perhaps surface melting. 

The practice on some railroads has been to heat a 
somewhat greater length of rail end on the gage side of 
the rail, where the wear is greater and there are no sig- 
nal bonds to be protected from the heat. This is ac- 
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complished by using longer strokes of the torch on the 


gage side, while the heating is being spread and equalized 
over both rail ends with longitudinal strokes as has been 
described. 


INFLUENCE OF VARIABLE CONDITIONS AND 
PROCEDURE ADJUSTMENTS 


To exercise proper control over the process it is im- 
portant to recognize the variable factors or conditions 
and their relative importance in influencing the results. 
There are at least some twenty-five variables that might 
conceivably have an influence. ‘These were studied at 
the Air Reduction Laboratory by making a limited 
number of deviations from a basic procedure that had 
been developed in the field, and by supplementing these 
studies with fundamental data to substantiate obser- 
vations of effects and trends. 

A reliable check of hardness requires the use of off- 
track dummy joints as has been mentioned. This 
would be expensive if used more than for an occasional 
check. 


able conditions of outdoor light, color observation of the 


Further, it is well recognized that with vari 


heated rail is of no value except as an indication of uni- 
formity of heating. Therefore, the most effective and 
least expensive method of control is to follow conscien- 
tiously an established procedure. An occasional hard- 
ness check should reveal any inadvertent deviations 

The procedure to be used must be developed for a 
specific group of apparatus and equipment, including 
torch, mixer, tip, regulators, size and length of hose and 
specific equipment for compressed air quenching, if 
used. Also, it must be predicated upon specifie con- 
ditions of operation such as gas pressures, flame char- 
acteristics of the heating apparatus, heating time, tip- 
to-work spacing, torch manipulation, compressed air 
pressures and minimum quenching time. 

These variables can all be controlled quite easily 
within the required limits by reasonable care in oper- 
ation and by maintaining apparatus, hoses and their 
couplings, splices and glands, in good repair and propet 
adjustment. Gas cylinders should not be used below 
the regulator end point. Other correct practices should 
be followed which are commonly recognized for the 
operation of such oxyacetylene apparatus. 

Other variable factors, which cannot be controlled by 
the operators of the equipment, have been studied at 
the Laboratory, with special reference to the compressed 
air-quench method. Their influences have been evalu- 
ated, so that the procedure can be varied to compensate 
for them when necessary, in sufficiently extreme cases 
The effects of some of these variables, of both kinds, 
controllable and uncontrollable, will be discussed. 


Carbon Content of Rail 


The A.R.E.A. investigators showed that for one of 
the processes covered by their work, involving a com- 
pressed air quench (see Appendix), an increase of car- 
bon from 0.71°% to 0.80% increased the hardnessa rather 
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small amount from Re 33 to about Re 35 (from about 
311 BHN to 331 BHN). The range of carbon specified 
in A.S.T.M. Specification Al-49T for 121-Ib. rail and 
over is 0.69 to 0.82%, only a little greater than the 
range investigated. The permissible range in hardness 
for treated ends of such rail sections, as recommended 
by the A.R.E.A. Committee, is 341 to 415 BHN (under 
the decarburized surface), a much greater range than 
that mentioned above. Therefore, it does not appear 
that variations in chemical composition of the rail 
should cause any great difficulty in maintaining ade- 


quate control. 


Rail Section 


The procedures developed were based upon a 131-lb. 
rail section. The same heat input used for lesser widths 
of rail head would merely tend toward somewhat deeper 
transformation depths that would not appear to be ob- 
jectionable. Therefore, when the compressed ail 
quench method is used, no need is anticipated for pro- 
cedure adjustments for other rail sections that are 
likely to be end hardened. With the self- juench 
method. the heating interval is sometimes decreased 
about five seconds for somewhat lighter rail sections 


such as 115 lb., as compared with that for 131-lb. rail. 


Rail Gap 


In the A.R.E.A. investigation, laboratory rail batter 
tests showed no significant change in resistance to bat- 
ter, for variations of gap between rail ends from 0 to 
1’, in., when the hardness as measured 0.03 in. below the 


natural surface was not less than Re 35 (BHN 325). 


Initial Rail Temperature 


The basic air-quench procedure, as described in this 
paper, Was developed for an initial rail temperature of 
70° F. From basie considerations it can be shown that 
deviations of as much as 70° in either direction from the 
assumed 70° will produce comparatively small differ 
ences in the final temperature reached at any significant 
depth below the surface. Deviations as great as to 32 
or 140° can be compensated for by increasing or de- 
creasing the heating time by a few seconds. This, in 
turn, can be resolved into a variation in depth of trans- 
formation. Tests at the Airco Laboratory confirmed a 
conclusion that a variation of less than plus or minus 
'/s> in. of depth of transformation would result from 
such variations of initial rail temperature. This in- 
cluded the effect of initial temperature upon quenching 
rate. It was concluded that to compensate for extreme 
conditions of initial temperature of 32 or 140°, the heat- 
ing time should be increased or decreased 5 sec., or 
alternatively the acetylene flow increased or decreased 
about 10° efh. 
change in acetylene pressure of plus or minus | psi , in 
the case of the apparatus and procedure that have been 


This would be accomplished by a 


outlined for use with a compressed air quench. 
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W eather Conditions 


Various wind conditions were simulated in the Labo- 
ratory while specimens were heated, and subsequently 
hardness explorations were made. As was to be ex- 
pected, a substantial displacement of the secondary en- 
veloping flame resulted in lack of symmetry of the hard- 
ness pattern, as well as a reduction in the depth of trans- 
formation. It was recommended that when wind veloc- 
ities exceed 20 mph. (moderate to fresh) some kind of 
wind break be provided. The kind of shielding box for 
heating operations that has been described previously 
helps to shield the flame from the wind. To protect 
the operator, also, and prevent an influence upon his 
manipulation of the torch, some kind of canvass, wood 
or sheet metal wind break would no doubt be helpful, as 
in the case of welding in windy locations. 

If the work must be carried out during rainy periods 
the control of the work would surely be facilitated by 
providing some kind of canopy to keep the rain off the 
operator as well as the rail ends being treated. 

When quenching air is provided by a compressor, the 
presence of liquid water or mist (as opposed to water 
vapor) in the stream of quenching air can produce high 
quench rates and excessive hardnesses. This has re- 
sulted in so-called “weeping cracks” and spalling and 
chipping during subsequent service. During periods of 
rainy weather or high humidity there would, of course, 
be more tendency for moisture to precipitate and collect 
in the air reservoirs and air lines, unless precautions are 
taken to prevent it. Liquid water in the air stream 


also produces nonuniform hardness with considerably 
higher values directly under the air jets. These ad- 
verse conditions seem to be more pronounced when 


shallow, flash heating is used. 

There is no doubt that positive moisture control 
should be provided and is needed under many of the 
prevailing conditions of weather and atmosphere that 
are encountered. 


Flame Characteristics, Heating Time and Manip- 
ulation of Torch 


A limited study was made of the effects of various 
types of tips, flame characteristics and manipulation or 
heating pattern. 

It appeared that for multiflame tips, while primary 
flame mass was important, it was not critical as to dis- 
position, as long as it acted as a mass rather than as 
individual flames rather widely spread. Envelopment 
of the rail surface by the secondary flame appeared to be 
important to prevent heat losses during the heating 
interval. 

With a single long-flame tip, consuming 150 chf. of 
acetylene, for each rail end, a transformation tempera- 
ture at a point '/s in. below the rail surface was reached 
in about 31 sec. 

With the use of smaller capacity multiflame tips pro- 
viding 75 cfh. of acetylene for each rail end (half as 
much total acetylene consumption per joint), the heat- 
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ing time for transformation temperature at the same 
depth was increased, but only to some 40 sec. in the case 
of the dual style 739, size No. 10 tip that has been de- 
scribed. 

With some unavoidable variations in other factors, a 
heating time of only 40 sec. may produce very little 
depth of hardness. A depth of transformation con- 
forming to the A.R.E.A. recommendations was attained 
by extending the heating time with this dual multiflame 
tip to 50 or 60 sec., without risk of overheating the rail 
surface. A heating time of 90 sec. tended to cause 
melting of the rail surface which can lead to spalling 
and chipping in service. 

This style of dual, multiflame tip, manipulated as has 
been described, so as to deliver a series of impulses in 
rapid succession, with secondary flame envelopment all 
the while, appears to be very well suited for the desired 
distribution of heat. This opinion is based upon funda- 
mentals of variable heat flow as well as practical experi- 
ence. 

The type of heating tip and the manipulation should 
be chosen to provide as efficient heat transfer as prac- 
tical, and to cover the desired area, at the same time 
providing at least the minimum permissible depth of 
transformation. Apparently, the best results are ob- 
tained by a compromise. Full rail-end coverage with 
continuous steady heating, on the one hand, would re- 
sult in the most efficient heat transfer but inadequate 
penetration. On the other hand, an oscillation back 
and forth between rail ends, with impulses delivered too 
far apart, would result in deeper penetration than re- 
quired, at a considerable sacrifice in efficiency of heat 
transfer. 

Although an oxidizing flame of say 20°) excess oxy- 
gen was found to increase the depth of heat penetration 
somewhat, it is rather difficult to control oxidizing gas 
ratios accurately in a field operation. The appearance 
of the flame is not as good a criterion as in the case of 
neutral or carburizing flames. Therefore the use of a 
neutral to slightly oxidizing flame is recommended, 
favoring the latter. 

A spacing of */; in. from end of tip to surface of rail 
was chosen for the Style 739, No. 10 multiflame tip, be- 
cause little difference was observed in hardnesses or 
depths of transformation for '/2 and */, in. spacings. 
The greater spacing eliminates need for critical control 
to prevent overheating of the rail surface. 


Character of Air Quench 


The equipment and procedure for the compressed air 
quench, as described in this paper, were developed to 
provide hardnesses and depths of transformation that 
would meet consistently the requirements of the 
A.R.E.A. proposed recommendations, without the need 
for critical control such as would be difficult to exercise 
in the field. The study of air-quenching apparatus is 
being continued to see if it is possible to develop a some- 
what more convenient and equally efficient system. 
The studies made have yielded interesting information 
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upon the effectiveness of various amounts, velocities 
and characteristics of air flow through the orifices of the 
quench box of Figs. 5 and 6. 

The air velocity, contact area and air-stream expan- 
sion are known to be influential factors, as well as pres- 
ence of moisture in the form of liquid water. Since the 
latter cannot be controlled as to degree, all liquid water 
should be removed as has been mentioned 

Tentative recommendations have been based upon 
an air pressure of about 40 psi. at the entry to the 50 ft. 
of 1-in. hose leading to the box. This produces an air 
flow of 100 cfm. 
hardness nor martensite was developed. 


For this rate of air flow no excess 
A consider- 
ably higher rate of air flow, 183 cfm. obtained by main- 
taining the hose entry pressure at 90 psi., produced ob- 
jectionably high interior local hardnesses, in many cases 
In some cases it produced very high corner hardnesses 
at the very end of the rail, due to the air contacting both 
the top and end of the rail. The points of local, inte- 
rior, excessive hardnesses coincided with the jet locations 
of the air box. 

Tests made with lesser air flows indicated that if the 
flow should fall off to as low as 75 cfm. or even somewhat 
less, sufficient hardness would be produced in connec- 
tion with the method of treatment that has been out- 
lined in this paper. For good control the air should be 
flowing when the air box is applied to the rail. 

With air-quench equipment as described for this 
method, the 40-psi. hose entry pressure producing a 
flow of 100 cfm. is equivalent to a pressure of 23 psi. at 
a pressure tap on the air box 

Although immediate application of the air quench 
after heating is recommended, a 2-sec. delay could be 
tolerated. The effective action of the quench does not 
occur until a few seconds after heating, when the rail 
surface has cooled to the transformation temperature 
range. 

Fundamental considerations lead to the belief that 
within the limits to be encountered in field practice, the 
temperature of the air used for quenching would not be 
a factor of concern. 

Other variables such as decarburization of the rail 
surface have been discussed in appropriate parts of this 
paper. For convenience of an operator, a number of 
important variables are listed in Table 1, with indi- 
vidual deviations that have been found to result in a 
change in depth of transformation of about '/3 in. It 
appears that these variables are largely independent of 
each other in their influence upon depth of transfor- 
mation. 

Included in the appendix to this paper are such rather 
meager data as have been found on end flow, batter and 
work hardening, under actual service of rail in track. 
Apart from the sources of these data, many railroads 
were contacted recently in a field survey, some of them 
using the compressed air quench method and others 
using the self-quench method. Many of them who had 
no records of actual data, reported that they had made 
careful periodic inspections on end-hardened rail that 
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Table 1—Individual Deviations That Will Result in 


Approximately '/»-In. Variation of Transformation Depth 


(This table pertains to procedure described for use with com- 
pressed-air quench ) 


Basic W orking 
Item procedure Deviation range 
Time, sec. 60 +5 55-65 
Acetvlene flow, cfh. 150 +10 140-160 
Acetvlene pressure, psi. * ll +1 10-12 
Spacing, tip-to-work, in. + 1/, 8 
Ratio, oxygen to acetyl- 
ene Neutral —Oto +20% Neutral to 
1.20:1 
Initial rail temperature, 
F 70 40 to +70 30-140 


* Pressures are based upon apparatus as described and 50 it 
of */<in. size acetylene hose. Corrections may be necessary for 
other conditions such as size, length and condition of hose 


had been in service for periods as great as 10 or 12 yr. 
They had found entirely satisfactory results when a 
reasonable amount of control had been exercised in 
applying the process, following procedures similar to 
those that have been outlined in this paper. 
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Appendix 


The field survey data of the A.R.E.A. Committee 
Report extends over a total period of six years. Unfor- 
tunately, for use in this study, none of the procedures 
employed in the A.R.E.A. investigation conforms very 
closely to either of the two most popular and apparently 
successful procedures in current use today for field oper- 
ations of rail-end hardening as described in this paper. 
Much shorter actual service records have been found 
and will be given for field procedures similar to those in 
current use 

Only three of the methods used in the A.R.E.A. in- 
vestigation are of interest for comparison in connection 
with manual processes carried out in the field. Since 
their work included no manual method using an air 
quench, their Process No. 2, a mill treatment, involving 
comparatively long heating and air-quenching intervals, 
provides the nearest comparison to the airtquench 
method used in the field. 

A self-quench field method was used, but the heating 
apparatus and procedure differ from manual methods 
commonly used in the field at present. However, the 
essential features of more rapid heat input, shorter heat- 
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Table 2—Average Batter in Thousandths of an Inch 


(Measured ! ; in, from end of rail on center line (A.R.E.A. Investigation )) 


Date April April 
1940 1941 
Traffic, millions of tons t 38.0 77.0 


Self-quench process i! 8.0 
Water-quench process 5.¢ 8.0 
Air-quench process j 7.5 
Unhardened 13.0 


ing interval and self-quenching in still air are repre- 
sented, 

The three above-mentioned procedures used by A.R.- 
b.A. are briefly described in the Proceedings as follows: 

“PROCESS 2, MILL E. Gas Heating. Compressed 
Air Quench. End of rail head reheated in a portable 
refractory lined furnace with gas flame to approximately 
1550 deg. F. in 3 min. Quenched with jet of compressed 
air for 3 min. 

“PROCESS 7, Self Quench Field Process. Oxy- 
acetylene Heating. Both rail ends of a joint are heated 
at the same time by three oxyacetylene tips over each 
rail. The surface of the rail is heated to 1550 deg. F. 
in 18 to 24 sec. Quench is by conduction of the cold 
metal under the heated zone. 

“PROCESS 9. Free-Held Oxyacetylene Torch. 
Water Quench. Both rail ends of a joint are slowly 
heated to 1500 deg. F. with free held oxyacetylene 
torch, then quenched to 300 deg. F. with warm water 
from a sprinkling can with small holes. After quench- 
ing, the hardened area is tempered by reheating to 650 
deg. F. and allowed to cool in air.” 

These processes will be listed in the accompanying 
tables simply as air quench, self quench and water 
quench. Included also are comparative data for un- 
treated rail 

The A.R.E.A. test track was on the Chesapeake & 
Ohio Railway near Carey. Ohio. Rail-end batter meas- 
urements were taken each year for a point '/, in. 
from the end of the rail, following the usual procedure 
with a 48-in. batter gage. The measurements tabu- 
lated give the extent of relative wear below adjacent 
surfaces existing at the time of measurement. Table 2 
gives a summary of the average amounts of batter 
measured annually for each process. 

Profiles were plotted and reproduced in the A.R.E.A. 
Proceedings, 47, 471 (1946). Extending 24 in. in each 
direction from the middle of each rail joint they show 
that some differences in elevation exist between the 
leaving and receiving rail ends—as great as four to 
eleven thousands of an inch. For the self-quench group 
and the unhardened group the transition from the gen- 
eral elevation of the leaving rail end to that of the 
receiving rail end is considerably more abrupt 
than is the case for the air-quench and water-quench 
groups. Table 2 shows that at the end of six years, 
the localized batter as measured '/, in. from rail end 
is substantially the same for the self-quench and 
air-quench methods, 

If riding characteristics of the rail, and service life 
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up to the time when ends must be rebuilt by welding 
or joint bars repaired, are influenced principally by 
the amount of highly localized batter (only '/4 in. from 
the end of the rail), then there would appear to be little 
difference in the effectiveness of the particular self- 
quench and air-quench processes that were used in the 
A.R.E.A. investigation. On the other hand, if the gen- 
eral profile across the joint, for a distance of about 4 in 
in each direction from the rail ends is the more im- 
portant criterion, the results of the air-quench method 
would seem to be quite substantially superior. 

More recent data bave been taken by representatives 
of Air Reduction on a stretch of 28 miles of new 115-lb. 
main line track, with half of the joints hardened by the 
compressed-air method and the other half by the self- 
quench method, using procedures that are similar to 
those described in this paper as typical of current prac- 
tice. As vet, results after one year of service under 
about 11,000,000 tons of traffic are all that are available. 
None of the rail was surface-ground prior to hardening. 
All joints were chamfered within a month after hard- 
ening. Some of the joints hardened by the self-quench 
method show a slight amount of end flow. Those hard- 
ened by the compressed air method show no end flow. 

The average end batter measured for 25 of these 
joints hardened by each process is substantially the 
same for both processes, about 0.012 in. The average 
hardness after the work hardening and wear of the one 
year is 331 BHN for the self-quench method and 358 
BHN for the compressed-air method. The average 


increase in surface hardness during the year was about 


Table 3—Surface Hardnesses (A.R.E.A. Investigation) 


April June October 

1939 1939 1939 

(orig- (after (after 

Date inal) 2 ml.) 6 ml.) of test) 

Self-quench process 315 338 355 369 
Water-quench process 426 426 
Air-quench process ; 329 346 361 
Unhardened j 255 273 287 


* These same values were reported for measurements taken in 
April 1941. 

Note: Procedures used in the A.R.E.A. investigation were 
quite different from those described in this paper as typical of 
current practice. They are the nearest that have been found for 
comparison of results over a period of years. 

The author of this paper can offer no comments that would 
explain the apparently greater degree of work hardening, shown 
in Table 3, for rail ends hardened by the self-quench and air- 
quench processes, as compared with that for the natural un- 
hardened rail, unless it is actually the result of the wearing away 
of the decarburized surface layer. 
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24 points Brinell, approximately the same for both 
methods. 

Some joints in 132-lb. rail, end hardened by the 
compressed air quench method, were checked a little 
more than two months after hardening. They showed 
an average batter of 0.008 in. and an average hardness 
of 360 BHN. 

Surface hardnesses were measured at various times 
in the A.R.E.A. investigation, no special surface prepa- 
ration being made. teadings were taken about 
in. from the rail end and for each subsequent reading 
earlier locations were avoided. The reported values are 
given in Table 3. 


The total number of rails that developed slight 
cracking was only 2 or 3 for each of the self-quench 
method, the air-quench method and the unhardened 
group. None of these was of sufficient size to require 
welding. Those in the air-quench and unhardened 
groups occurred at the gage corners and were head 
checks that had come out on the rail ends, and should 
not be considered as defects arising from the hardening 
process. 

\ total of 38 rails in the water-quench group de- 


veloped defects. Six of these required welding 
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Welding lron-Bearing Alpha Aluminum Bronze 


Test results'of improved aluminum-bronze alloy 
sheet with improved weldability characteristics 


by F. Emery Garriott 


RON-bearing alpha aluminum bronze rolled sheet 

and plate conforming to A.S.T.M. B-169-48T 

Alloy D is a new postwar copper-base alloy de- 

veloped to provide a material of construction for 
industrial use combining high mechanical properties, 
good workability, superior resistance to corrosion, 
erosion, cavitation and wear with excellent weldability 
by the various are welding processes. This alloy also 
has the comparatively high thermal conductivity and 
the unusually high mechanical properties at subzero 
temperatures inherent in all copper alloys. 

Although iron-free aluminum-bronze sheet and plate 
of the 92-8 type has been available to industry for many 
years, the need for an aluminum-bronze alloy having 
improved weldability and workability together with 
superior mechanical properties and corrosion resistance 
has long been recognized as a desirable development in 
the copper-alloy field. 

Test results reported in this paper and _ specific 
applications to be described, indicate conclusively that 
this aluminum-bronze alloy can be satisfactorily fabri- 
cated by several of the welding processes, i.e., carbon- 
arc, metal-are, inert-gas metal-are, inert-gas consum- 
able-electrode method and submerged-are. This alu- 
minum-bronze alloy can also be jointed to steel if re- 
quired in vessel construction. 

E-Cu-Al-A electrodes and covered R-Cu-Al-B filler 
rods are recommended for use with the metal- and 
carbon-are processes, respectively. Bare filler rods 
(R-Cu-Al-A2) are used with the inert-gas metal-are 
process and coiled wire (E-Cu-Al-A) is used with the 
inert-gas consumable electrode and submerged-arc 
processes. 

Weld deposits produced in this alloy have excep- 
tionally good hot strength and hot ductility combined 
with a fine grain structure. In other words, the de- 
posits do not have a tendency to be hot short like the 
silicon bronzes nor do they develop the coarse, weak 
grain structure inherent in the tin bronzes. Are 
welding of this aluminum-bronze alloy can readily be 


F. Emery Garriott is Manager of the Weldrod and Wire Dept., of the Ampco 
Metal, Inc., Milwaukee, Wis 
Paper presented at the Thirty-Second Annual Meeting, A.W.S., Detroit, 
Mich., week of Oct. 15, 1951 
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Table 1—Alloy Compositions (Nominal) 


Aluminum, Iron, Nickel, Manganese, 


Alloy Copper, 
% 70 70 


type 

A 9.! 2.5 
B 3.0 0.5 
Cc 3.0 4.75 


accomplished by using the proper process, electrode or 
filler rod, edge preparation, preheat and interpass 
temperature and welding technique to be described in 
this paper. 

In the initial stages of the alloy development pro- 
gram, extending over several years three different alloy 
compositions were selected from a large number of lab- 
oratory alloys for additional testing on a pilot plant 
seale, Table 1. 

Larger quantities of these selected alloys were made 
in the wrought form by the extrusion process for con- 
ducting the various tests necessary to determine suit- 
ability for forming, punching, shearing, corrosion re- 
sistance, welding, etc. In conjunction with this work 
Battelle Memorial Institute independently conducted 
numerous confirming tests with regards to mechanical 
properties of the wrought alloys and welded joints at 
room, subzero and elevated temperatures in a further 
endeavor to impartially select the alloy to be used in 
the final rolling-mill tests. 

Alloy A, Table 1, was selected for the initial rolling 
and large billets were then poured under the most ex- 
acting conditions and shipped to two large rolling mills 
for processing into various sizes of sheet and plate. It 
was only after further extensive testing of the finished 
sheet and plate from these two rolling mills in all sheet 
and plate thicknesses that final approval of the alloy 
composition conforming to A.S.T.M. B-169-48T Alloy D 
was made for subsequent production in large quantities. 

This particular alloy was the only one of scores made 
and tested in the initial and final stages of the develop- 
ment program meeting all the stringent requirements 
necessary to provide this new, “planned’’ construction 
material of copper, aluminum and iron for operation 
under the most severe service conditions encountered 
in the corrosion and subzero temperature fields. 


THe WELDING JOURNAL 


4 
1.0 
| 
{ E 


A.S.M.E. BOILER CODE APPROVAL 


Since this new alloy in the wrought form was de- 
veloped, primarily, for use in the construction of chem- 
ical processing equipment and other similar weldments, 
A.S.M.E. Boiler Code approval was secured under 
A.S.M.E. Special Code Case 1108 published in the 
A.S.M.E. Magazine of February 1950. 

Briefly, the case report states that “Annealed alpha 
aluminum-bronze alloy of the following composition 
range and conforming to A.S.T.M. B-169-48T, has 
been approved for use in the construction of unfired 
pressure vessels under Paragraphs U-68 and U-69 of 
the A.S.M.E. Boiler Code, Special Case Number 1108’: 


Copper, % .88.00 to 92.50 
Aluminum, % . 6.00 to 8.00 
Iron, % 1.50to 3.50 
Others, maximum, % ..0.50 


The minimum mechanical properties of the annealed, 
rolled sheet and plate must be: 


Ultimate tensile strength, psi 70,000 
Yield strength at 0.5% elongation under load, psi 30,000 
Elongation, % in 2 in. 40.0 


The maximum allowable design stresses are shown in 
Table 2. 


Table 2—Boiler Code Allowable Design Stresses 


Allowable stress 
for bolts, psi. 


Allowable work 
stress, psi. 


Te mperature, 
subzero to 


150 17,000 ('/, T. S.) 6000 (7/, Y. 8.) 
200 16,600 ('/, T. 8.) 5900 ( Y.8.) 
300 14,800 (0.8 Creep 5800 Y.8.) 
400 11,500 (0.8 Creep 5600 ('/, Y. 8.) 
500 8,000 (0.8 ¢ ‘reep) 5500 Y. 8.) 


With regards to weld tests, Case 1108 requires that 
“the outer fibers in the weld-metal bend tests shall 
have 20°, minimum elongation. This value is also 
the minimum requirement for the all-weld metal tension 
test specimen as quoted in Paragraph U-68(e) of the 
Code.” 


ELECTRODE AND FILLER-ROD SELECTION 


Although numerous welding tests were conducted 
simultaneously throughout the various stages during 
the development of this new aluminum-bronze alloy 


Fig. 1 Completed circle (torture) welds to test stress 
cracking 

and were actually instrumental in the selection of the 

final composition, more comprehensive tests were, of 

necessity, made subsequently after study of the ac- 

cumulated test data to establish the most desirable 

electrode-core rod and filler rod for joining this alloy. 

From past experience gained through the welding of 
single-phase (alpha) and duplex (alpha and_ beta) 
copper alloys of all types, it was recognized that the 
greatest potential difficulty presented would be possible 
hot shortness and the resultant cracking in the weld 
deposit regardless of the welding process used in fabri- 
cating this alloy. 

Therefore, six different core and filler-rod composi- 
tions (Table 3) were selected for more comprehensive 
research work to determine the most suitable filler 
metal to be used in joining this alpha aluminum 
bronze. 

Using a standard covering, these various filler metals 
were tested in a special, circular, restrained ‘torture 
test’’ (Fig. 1) to determine crack sensitivity of these 
filler metals used with the metal-are and carbon-are 
processes. The bare rods and wire of like compositions 
were tested in a similar manner using the inert-gas metal 
are and inert-gas consumable electrode processes. 

It is generally conceded that a circle weld is probably 
the most highly stressed type of joint that can be made. 


Copper, Aluminum, Tron, Vickel, 
Alloy % % % Y 
A 91.50 8.00 oes 
B 89.00 8.00 2.40 0.10 
89.00 9.50 1.00 
D 84.50 11.00 3.50 0.40 
bE 81.00 10.00 3.00 4.75 
Ft 84.00 11.50 3.50 0.50 


Table 3—Electrode Core Rod and Filler Rod Compositions (Nominal) Tested Metal- and Carbon-Are Processes 


Vanganese, Others, 

% % Crack sensitivity 
0.50 Severe cracking welds and craters 
0.50 Severe cracking welds and craters 
0.50 Crater cracks only 

Tr 0.60 Crater cracks only 

0.80 0.45 Severe cracking welds and craters 

0.50 No cracking 


. E-Cu-Al-A and R-Cu-Al-A2 
. E-Cu-Al-B and R-Cu-Al-B. 


JANUARY 1952 Garriott 


—-Aluminum Bronze 


— 


| 
| 
*AW 3 
A.W.S.-A.S.T.M 
19 


Therefore, 8-in. circles were cut from */,-in. alpha 
aluminum-bronze plate as shown in Fig. 1, beveled to 
a 90° over-all V groove with a '/s-in. root opening. 
In order to secure an even more highly stressed test 
assembly, the test plates were tack welded rigidly to 
a 2-in. thick steel backup plate so there would be a 
minimum of movement in any direction. This is a 
very drastic test and it is very doubtful if stresses of the 
magnitude encountered in this test plate will occur in 
any normal fabricated structure. 

However, as the result of these tests, it was definitely 
established that alloy rods used having a single-phase 
structure prior to remelting in the arc, i.e., alloys A 
and B, produce deposits susceptible to severe cracking 
with any of the are welding processes. In other words, 
the deposits exhibited low hot strength due to loss of 
aluminum through oxidation in the remelting process. 
This is characteristic of alpha-rich alloys. 

Borderline-alloy core rod and filler rods such as 
Alloy C and D having a duplex (alpha and beta) struc- 
ture prior to deposition but producing an almost wholly 
single-phase (alpha) structure with only a little beta 
present when deposited with the metal-are and carbon- 
are processes due to losses of aluminum through oxida- 
tion showed slight crater cracks in the “torture test.” 
However, the same alloys produced crack-free deposits 
when applied with the shielded-are processes since 
aluminum losses were much lower and the resultant 
deposit was, therefore, duplex (alpha and beta) in 
structure. 

Alloy F, which is a predominantly beta bronze before 
and alpha and beta after deposition, was the only core 
and filler rod of the series tested producing consistently 
crack-free deposits by all the welding processes in these 
torture tests. 

\luminum losses through the are when welding with 
the metal- and carbon-are processes are approximately 


1°; for these alloys if recommended current densities 
The use of higher current densi- 
Therefore, 


ure used in welding. 
ties will produce higher aluminum losses. 
it is quite evident by consulting the copper-aluminum 
phase diagram, Fig. 2, that the behavior of these alloys 
under these test conditions is consistent metallurgically 
with the results obtained in the actual torture tests. 
With the 1°) loss of aluminum due to burnoff, it can 
readily be observed that Alloys A and B would defi- 
nitely be alpha rich, producing an alloy with excellent 
cold ductility but very poor hot ductility in the shift 
across the alpha solubility line. Therefore, upon cool- 
ing through the critical range, under the extremely high 
locked-up stress condition encountered in these tests, 
it would be assumed the deposit would have a tendency 
to crack severely. 

It is more difficult to explain the behavior of Alloy E 
which cracked severely in these “torture tests.’’  Al- 
though such elements as iron, nickel and mnaganese are 
said to have a replacement power for aluminum in 
aluminum bronzes, this assumption is actually incorrect 
in view of recent research work which indicates that 
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Fig. 2 Copper-aluminum equilibrium diagram 


these elements combine with aluminum to form com- 
pounds, thereby robbing the alloy of aluminum causing 
more alpha to be rejected. These alpha-rich crystals 
within the alloy are comparable to a true single-phase 
alloy and possess hot short characteristics in cooling 
through the critical range evidenced in the tests. 

Alloys C and D, which are duplex alloys initially 
have a much lower percentage of the alpha constituents 
combined with some beta after remelting, thereby 
exhibiting only a slight tendency to crack upon cooling 
through the critical range which is indicated by the fact 
that crater cracks only occurred. 

Alloy F, of course, which is a beta bronze initially, 
retains a very high percentage of the beta constituents 
after remelting with a loss of approximately 1% of 
aluminum through the are. The beta bronze has higher 
hot ductility and lower cold ductility than alpha 
bronze. 

This new iron-bearing alpha aluminum bronze is a 
heat treatable alloy. Therefore, deposit and joint 
mechanical properties can be improved by stress re- 
lieving at 1150° F. for one hour per inch of thickness 
with a fairly rapid air cool. Average deposit ductility 

‘an be increased by approximately 30°% through the 
use of this treatment with only a slight decrease in 
ultimate tensile strength and yield strength. 
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JOINT DESIGN 


Comparatively, the only differences existing between 
the joining of this alpha aluminum-bronze alloy and 
mild steel are in the basic joint design and allowances 
for shrinkage. This difference is due, primarily, to the 
fact that this alloy does have (1) a higher coefficient of 
thermal expansion, (2) a higher thermal conductivity, 
(3) a lower melting point and (4) the molten weld metal 
is more sluggish at are welding temperatures. 

As a result of these characteristics, which are inherent 
in most of the copper alloys, it is necessary to use wider 
grooves (Fig. 3) in butt welding and avoid sharp corners 
for ease of manipulation in order to minimize under- 
cutting and the resultant slag inclusions at the side 
walls or interface between deposit and base metal. 

When using the metal-are and inert-gas consumable 
electrode processes, W ider grooves of 90-degree over-all 
V or modified U design are required in the heavier plate 
thicknesses. For the processes requiring the use of 
filler rods (carbon-are and inert-gas metal-are) the edge 
preparation in the heavier plate thicknesses can be a 
60-degree over-all V or modified U since deposition is 
accomplished at a slower rate of speed and the operator 
can more readily observe depth of penetration and wash 
the weld metal into the side walls more easily by manual 
manipulation. The more narrow groove is also recom- 
mended for use with the submerged-are process because 
of the excellent, controllable penetration possible 

Also, more space should be left in square groove joints 
when welding lighter-gage sheet to allow for additional 
expansion. Tack welds should be heavier than is 
required in welding mild steel and at more frequent 
ntervals of from 6 to 8 in. 

A backup bar of carbon, copper or a backup strip of 
alpha aluminum bronze should be used in order to ob- 
tain proper root penetration. Usually, a grooved 
copper or carbon chill bar is preferred since the de- 
posited metal will not adhere and it is, therefore, more 
easily removed after the welds have been completed. 

As a general rule, higher current densities are re- 
quired with all the welding processes used for a given 
electrode diameter in order to flow the rather sluggish 


weld metal effectively into the side walls in all types of 


FOR ¥%4 AND HEAVIER PLATES 


Fig. 3 Recommended groove designs for alpha aluminum 
bronze 
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joints, i.e., butt, lap, edge and tee. In other words, it 
is necessary to direct the flow of the molten weld metal 
since it will not feather smoothly due to the higher 
surface tension of the molten alloy which is typical of all 
aluminum bronzes when welding like base metals 

The usual precautions with regards to cleanliness of 
the edges to be joined should be practiced in welding 
alpha aluminum bronze. Grease, dirt and moisture will 
cause excessive porosity in the deposited metal. 


CARBON-ARC WELDING PROCESS 


The carbon-are process is, generally, the preferred 
method recommended for joining this iron-bearing 
alpha aluminum bronze since more extensive basic 
fabrication data and experience does exist with refer- 
ence to this process at the present time, especially, for 
joining heavy sections. Maximum deposit density can 
be obtained through the use of this process in welding 
the heavier sections although distortion is of greater 
magnitude since more heat is developed in the joint 

Covered filler rods of the A.W.S.-.A.8.T.M. classifica- 
tion R-Cu-Al-B must be used in welding this alloy since 
the very refractory aluminum oxides formed during the 
remelting operation must be fluxed effectively in order 
to secure a weld deposit of high quality. 

Straight (negative) polarity, direct current must be 
used It is not necessary to preheat unless the plate is 
exceptionally cold and for plate thicknesses of 1 in. or 
greater. All welding should be done in the downward 
position, 

Tapered carbon electrodes of the high graphite type 
have been found to be most satisfactory for welding 
this alloy. The taper should be formed by filing o1 
grinding the carbon to a conical taper 4 to 5 in. in 
length. The size of the electrode to be selected de- 
pends upon the filler rod diameter and current required 
for the specific application. Generally, the current 
ranges shown in Table 4 have been found desirable for 
use with carbon-are welding. 

The are should always be carried on the weld dept sit. 
‘The molten metal from the end of the filler rod should be 
deposited in the weld pool and flowed into the side walls 
to avoid slag entrapment and secure a sound bond 


Table 4—Current and Voltage Data 


Electrode Filler rod 
diam., in diam., in. mperage Voltage 


Carbon-are process 


60-80 


» 280-350 


Metal-are process 


80-100 

140-150 27-30 
150-170 24-32 
180-230 30-34 
2900-330 $2-36 
340-375 32-36 


FOR Ye SHEET FOR %2TO% PLATE 
j 1/, 3/, 110-130 
3/, 1/4 190-250 
60° 60° 
90° 907 90° 
21 


Table 5—Average Deposit Mechanical Properties lron-Bearing Alpha Aluminum Bronze 


Pre- 


Electrode or heat, 


Ultimate Yield strength, Reduc- 
tensile 045% Elong., Elonga- tion of 


Process filler rod “3 f, strength, psi. psi. tion, % Area, % 


Carbon-are R-Cu-Al-B 
Metal-are E-Cu-Al-A 
Inert-gas metal-are R-Cu-Al-A2 
Inert-gas consum- 
able electrode E-Cu-Al-A 
Submerged-arc E-Cu-Al-A 
Plate A.S.T.M.B-169-48T 70, 
Alloy D* 


87 ,900 36,500 23.4 23.5 
76,800 37,900 32.1 29.4 
78,600 37 ,600 25.3 27.6 


80,000 36,000 26.5 31.5 
79,700 22.0 21.0 


37,500 
000-75,000 30,000-42,000 30.0400 35.0-40.0 


* Mechanical properties vary with plate thickness. High values, light gage sheet. Lower values, heavier plate. 


The graphite electrode should be held 15 degrees to the 
horizontal in the direction of travel. The are length 
should be approximately equivalent to the filler rod 
diameter. With the wider grooves used, the electrode 
should be manipulated with a weave motion directing 
the weld metal into the side walls. Excessive puddling 
of the weld metal must be avoided since overheating 
will result in high aluminum losses resulting in an alpha- 
rich, hot short deposit. 


By following these few simple rules, sound, homo- 
geneous welds can be secured in iron-bearing alpha 
aluminum bronze producing mechanical properties 
shown in Table 5. Stress relieving at 1150° F. will 
improve the ductility of the weld metal and the joint. 


INERT-GAS METAL-ARC PROCESS 


Dense, high-quality welds of excellent appearance 
can be consistently obtained through the use of the 
inert-gas metal-are process for welding this iron- 
bearing alpha aluminum bronze. Usually, edge joints 
in light-gage sheet can be used requiring no filler-metal 
addition. In welding the heavier sections, a bare 
filler rod of the A.W.S.-A.S.T.M. classification R-Cu- 
Al-A2 should be used to produce high strength, ductile 
welds. Unlike the carbon-are process which requires 
the use of covered filler rods of higher aluminum con- 
tent, bare rods of lower aluminum content are used 
with this process because of the excellent shielding se- 
cured. Therefore, aluminum losses through oxidation 
are very low if the proper flow of gas is maintained. 

Superior welds are obtained by using alternating 
current although straight polarity, direct current can 
also be used for many applications. Either standard 
transformers with continuous high-frequency stabiliza- 
tion or high open-circuit-type transformers designed 
for this process can be used satisfactorily. 

Argon or helium gas may be used in joining alpha 
aluminum bronze although the best head appearance is 
secured through the use of argon. There is, also, less 
spatter loss with argon. Greater penetration is secured 
by using helium. Therefore, argon is used for welding 
light-gage alpha aluminum bronze and helium is more 
desirable for use in welding the heavier-plate sections. 
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Experiments are being conducted with mixtures of 
these two gases and the preliminary tests seem to 
produce very satisfactory results. The softer are 
action of argon and the deeper penetration secured 
through the use of helium seems to be the result of 
combining these gases in various percentages. 

It has been found that thoriated tungsten electrodes 
produce deposits with a minimum amount of tungsten 
inclusions. The use of regular tungsten electrodes will 
produce deposits with excessive quantities of included 
tungsten. Also, care must be taken to avoid condensa- 
tion of moisture in the torch since moisture will cause 
porosity and the deposition of tungsten in the finished 
weld. Often-times, in practice, tungsten deposits are 
obtained because operators do not want to change to a 
larger electrode size when current densities are increased 
with changes in sections in a weldment. Another 
advantage to the use of thoriated tungsten is that a 
larger electrode can be used under such circumstances 
and the current density reduced as lighter sections are 
approached. Overheating of the tungsten, even when 
using the thoriated type, will cause excessive amounts 
of tungsten to be deposited in the weld metal. 

For joining alpha aluminum bronze, preheating is 
not necessary when using this process except for welding 
heavy sections of 1 in. or greater. All welding should 
be done in the downhand position and no special 
welding technique is required to secure average mechan- 
ical properties shown in Table 5. 


METAL-ARC WELDING PROCESS 


The metal-are welding process can be used for fabri- 
cating this iron-bearing alpha aluminum bronze where 
increased speed of welding is preferred to maximum 
weld quality. However, it is more difficult to secure 
perfectly sound deposits consistently with this process 
by all welding operators and is not recommended if 
slight porosity is unacceptable for the application. 
Distortion can be controlled more readily through the 
use of metal-are welding since less heat is developed in 
the joint than through the use of processes requiring 
filler rods. 

Recent experiments have indicated that electrodes 
of the A.W.S.-A.S.T.M. E-Cu-Al-A classification should 
be used in joining this new alpha aluminum bronze be- 
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cause weld metal ductility is higher than could be ob- 
tained through the use of E-Cu-Al-B electrodes. These 
electrodes have a light flux covering specially designed 
to remove the very refractory aluminum oxides formed 
in the remelting process. Heavier coverings have been 
tried unsuccessfully since they seem to cause extremely 
deep penetration, high spatter loss and severe under- 
cutting resulting in a more porous deposit. 

A considerable amount of research and development 
work has been done to improve the covering of these 
electrodes in order to produce welds at high deposition 
rates of consistently high quality with operators that 
are not too highly skilled. In fact, recent tests have 
indicated that the development of such an electrode is 
feasible. However, laboratory tests must be confirmed 
by actual production experience over a long period of 
time before a new product can be released and recom- 
mended for general usage. 

These electrodes are used in the downhand position 
only with reverse (positive) polarity, direct current. 
Preheating to 300-400° F. is essential on heavy sections 
and this same interpass temperature must be main- 
tained if satisfactory welds are to be secured. Gener- 
ally, higher current densities are required for welding 
alpha aluminum bronze as compared to steel in con- 
junction with this preheat and interpass temperature 
in order to flow the weld metal properly. See Table 4 
for recommended current values. 

Either string or weave beads may be used with equal 
success although weave beads are usually preferred 
since there is less chance of obtaining slag inclusions. 
In general, the largest diameter size of electrode con- 
sistent with good practice for the plate thickness should 
be used. The electrode should be manipulated with a 
rapid weaving motion to deposit a bead having a width 
approximately 3 to 5 times the diameter of the electrode 
hesitating at the edges in order to fill undercutting and 
avoid slag entrapments. Electrodes should be inclined 
slightly in the direction of welding so that the slag will 
flow back over the weld pool. All slag must be 
thoroughly cleaned between beads. 

Weld deposits of high quality can be secured with the 
metal-are process producing deposit mechanical prop- 
erties shown in Table 5 by using the above procedure. 
Short-cut methods cannot be used in the metal-arc 
welding of iron-bearing alpha aluminum bronze or 
slag inclusions; porosity and poor mechanical proper- 
ties of the deposited metal result. 


INERT-GAS CONSUMABLE ELECTRODE 
METHOD 


Extensive substantiating research and development 
work has been conducted by several groups independ- 
ently confirming the fact that the inert-gas consumable 
electrode method can successfully be used to join this 
new alpha aluminum bronze producing sound deposits 
with good mechanical properties. In fact, this is the 
only process that has been found to satisfactorily weld 
aluminum bronzes in the vertical and overhead posi- 
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tions using 0.035- and 0.045-in. diameter wire of sim- 
ilar composition. 


Additional advantages to be gained in the welding 
of alpha aluminum bronze by this process are those 
found for depositing other metals and alloys which are, 
primarily, higher rates of deposition, dense deposits, 
good mechanical properties (Table 5), less distortion 
and excellent deposit appearance. 

With '/.-in. diameter wire, feeds of 100, 200 and 300 
in. per minute have been used at welding currents of 
135, 240 and 325 amp. respectively to obtain deposition 
rates of approximately 5, 10 and 15 lb. per hour. 


Either argon or helium gas may be used with reverse 
(positive) polarity, direct current. For flat position 


welding, '/ and */32-in. diameter size bare coiled wire of 
the A.W.S.-A.S.T.M. classification E-Cu-Al-A is recom- 
mended for use. The are action with argon gas is 
smooth, stable and spatterless producing a_ bright 
appearing bead with lower penetration than is obtained 
through the use of helium. Although the surface 
appearance of the beads is better when using argon gas, 
the deposits are more porous than those obtained with 
helium. The deeper penetration secured through the 
use of helium is desirable for welding the heavier plate 
thicknesses. A dark oxide film covers the bead made 
with helium producing a less attractive appearing bead 
than is secured with argon. However, mechanical 
properties of deposits made with helium are superior 
since the deposits are more sound. 


Rate of gas flow, welding speed and direction of 
travel seem to affect the mechanical properties of the 
weld deposit. For example, when using !/j-in. diam- 
eter wire at a wire feed of 220 ft. per minute in */s-in. 
aluminum bronze plate, it has been found that deposit 
mechanical properties as shown in Table 5 can be ob- 
tained with helium using a gas flow of 100 cfh. at 260 
amp. using a following are (backhand). If travel is 
in the opposite direction (leading the arc) or, main- 
taining all other conditions, if gas flow is changed to 50 
cfh. ultimate tensile strength may be approximately 
10,000 psi. lower with a loss in ductility of approx- 
imately 5 percentage points. If the proper gas cover- 
age is not maintained by traveling at too fast a rate of 
speed or by the use of insufficient gas, fine transverse 
cracking may occur in the deposit as the result of oxide 
inclusions at the grain boundaries. 


fecent tests indicate that sound welds of good 
appearance can be secured through the use of a mixture 
of gases in a ratio of 80% helium to 20% argon. Spat- 
ter loss is reduced and penetration is excellent. 


A preheat and interpass temperature of 300—400° F. 
is essential in order to secure the best results. Are 
length within normal limits does not seem to materially 
affect the resultant mechanical properties although a 
short arc is preferred for the initial layer in the groove 
because better penetration is secured than with a 
longer are length. 
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SUBMERGED-ARC WELDING 


Although the submerged-are process has not been 
used to produce weldments of this new alpha aluminum 
bronze because this process is applied generally to the 
fabrication of assemblies made in quantity, neverthe- 
less sufficient research work has been conducted to 
determine that the process can be used successfully. 

In the initial stages of this work, such standard melts 
as Linde No, 50, 12 x 150 and H, 12 x D were tried in 
groove welding. It was found these melts were un- 
suitable due to alloy pickup from the melt which in- 
creased ultimate tensile strength and reduced the 
ductility of the deposited metal. However, a new 
melt (Linde AB) was developed for use with E-Cu-Al-A 
bare coiled wire which produces deposits with mechan- 
ical properties similar to the average shown in Table 5. 
The new melt contains low-melting-point fluorides 
similar to those used in the coverings of the metal-are 
welding electrodes providing excellent protection from 
oxidation. 

k-Cu-Al-A bare wire, with reverse (positive) polarity, 
direct current, applies in a manner similar to mild steel 
except the weld metal is more fluid at welding tempera- 
tures requiring a faster rate of travel or conversely 
lower current densities per wire diameter size. Pre- 
heating is not required except in very heavy sections. 
A backup of carbon, copper or alpha aluminum bronze 
of like composition is required in order to avoid exces- 
sive burnthrough. 


COMMERCIAL APPLICATION 
In a relatively short time, the unusual combination 
of desirable metallurgical and mechanical character- 
istics inherent in this new iron-bearing alpha aluminum 


Fig. 4 Aluminum bronze screw conveyor, formed and 
carbon-arc welded 
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Fig. 5 Fabricated chutes to resist erosion and corrosion 


bronze has been recognized by the chemical processing 
industry as suitable for use in combating severe corro- 
sive action and an increasing amount of the new alloy 
is being used in the fabrication of production installa- 
tions. 

A few representative weldments will be described in 
order to illustrate the versatility of this alloy as a 
material of construction. Detailed information can- 
not be given in every case history because of competi- 
tive and Government security reasons. 

Probably the simplest example of construction of a 
fabricated assembly made from alpha aluminum bronze 


is the large, heavy-duty serew conveyor shown in Fig. 4. 
It was fabricated entirely from this alloy using the 
carbon-are process. ‘The spiral is 19 ', ft. long and 12 


in. in diameter. The flights were made from '/,-in. 
plate formed to shape. 

The conveyor is simple in construction, yet rigid (no 
center bearing in the 19-ft. 6-in. length). The flights 
were pressed into shape and then welded to the center 
shaft with R-Cu-Al-B filler rods using the carbon-are 
process. Each individual flight section was then butt 
welded to the next section until the entire length was 
built up as required. The high strength of the weld 
eliminates the necessity of a continuous bead between 
the shaft and the flight. 

This particular screw conveyor is being used in a 
large eastern chemical plant for a process involving 
sulphuric acid as the corrosive media. The ability of 
this alloy to resist abrasion, cavitation, corrosion and 
erosion makes it an ideal material for construction of 


Fig. 6 Conveyor housing used in manufacture of syn- 
thetic alcohol 
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Fig. 7 Centrifugal separator used to withstand severe 
corrosive action 


such jobs as occur in many solids conveying applica- 
tions. 

The five fabricated chutes shown in Fig. 5 were 
fabricated for use by one of the largest potash-producing 
companies in the country. Each one is approximately 
7 ft. high and has an average cross-section area of 4 
sq. ft. Material used throughout was '/,in. iron- 
bearing aluminum-bronze plate with the exception of 
the lid handles and cover plates. All mating surfaces 
and gasket faces were prepared for the use of !/j.-in 
thick gaskets. 

Hard, unannealed plate had to be used in this par- 
ticular application to resist the very severe erosive 
effects of the brine mixture. The plate had a minimum 
Brinell hardness of 180 (3000 kg load). 

Despite the high hardness of the parent metal, all 
welds (both edge and fillets) made with the carbon-are 
process using R-Cu-Al-B filler rods were free from any H 
cracking whatsoever. No edge preparation was neces- 
sary. Also, no preheating or postheating was used 
since such a practice would have softened the plate 
adjacent to the weld and thus nullified the erosion- 
resisting qualities of the plate. 


The conveyor housing shown in Fig. 6 was fabricated 
from */ yin. iron-bearing aluminum bronze with the car- 


bon-are process for a manufacturer of synthetic alcohol. 
The alcohol is made from corn cobs and other waste 
farm products that pass through a hydrolizer containing 


Fig. 8 Mild steel to aluminum bronze, all joint specimens broke in steel 
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Fig.9 Formaldehyde thermosyphon reboiler heads 


sulphuric acid solution. Upon removal from the hydro- 
lizer, the pulp is thoroughly soaked with acid. 

The conveyer chain used in the removal process was 
also cast from a comparable alloy as were all of the 
angles used which were extruded. 

All fabrication was done in the downhand position 
with R-Cu-Al-B filler rods and the carbon-are process 
on the specific assembly shown. Later the inert-gas 
metal-are process was used for fabricating these con- 
veyor housings using bare rods in order to secure edge 
welds of improved appearance. Obviously, either de- 
posit has the same corrosion-resistant characteristics 
as the parent metal. Again, this alloy was selected 
because of the exceptional resistance to corrosion, 
erosion, abrasion and cavitation which is encountered 
in the routing of liquids, semifluids and liquids con- 
taining solids in suspension such as: acids, petroleum 
sludge, alkaline solutions, sea water, mine water, food 
product liquors, etc. 

The centrifugal separator shown in Fig. 7 was con- 
structed from iron-bearing aluminum bronze and flange 
quality steel. The weldment was constructed from 
*/- and */,in. plate to withstand a hydrostatic test 
pressure of 100 Ib. All welding was done in the down- 
hand position using the carbon-are process with ° s:-in. 
diameter covered filler rods of the R-Cu-Al-B classifica- 
tion. All butt joints were made using a 90-degree 
single-V groove. Preheating was not required when 
using the carbon-are process because of the heat de- 
veloped in the joint through the use of this process. 

Van Stone type flanges were employed throughout to 
take advantage of the lower cost of steel flanges which 
do not come in contact with the corrosive media. The 
Van Stone rings were cut from iron-bearing aluminum- 
bronze plate and then slipped over the pipe nozzle. 
The rings were welded to the pipe on the inside and out- 
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side diameters after which the gasket 
surface was finished by hand grind- 
ing. 

The large cover plate was made 
by welding a thin -aluminum-bronze 
sheet directly to a * yin. thick steel 
backup. This weld was also made 
with °/32 in. diameter R-Cu-Al-B filler 
rod and the carbon-are process. 
The supporting brackets were made 
of steel and welded directly to the 
aluminum-bronze shell by means of 
fillet welds. 

Flat, joint tensile 
shown in Fig. 8 were made by join- 
ing mild steel to iron-bearing alumi- 
num-bronze plate break, when pulled, 
in the mild-steel 
Guided bend tests from the same 
test plate bend 180 degrees without 
failure, proving that satisfactory 
dissimilar metal welds can be pro- 


specimens, 


parent metal. 


duced in this manner. 
The formaldehyde thermo-syphon reboiler heads 
shown in Fig. 9 were fabricated from '/:-in. iron-bearing 
aluminum-bronze plate with the carbon-are process 


Fig. 10 Continuous tube heat exchanger fabricated from 
alpha aluminum bronze 
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Fig. 11) Tray assembly in aluminum bronze fractionating 
tower 


Fig. 12) Two end sections of fractionating tower showing 
circumferential seam and nozzle positions 


using * y. in. diameter covered R-Cu-Al-B filler rods. 
The entire assembly was fabricated from this alpha 
aluminum bronze with the exception of the loose steel 
flanges used for the Van Stone joints. These flanges 
were made of A-285 Grade C flange quality steel. 

The design pressure was 100 psi. and the design tem- 
perature was 250° F. The assembly had to pass a 
150-lb hydrostatic test upon completion. 

The cylindrical portion was rolled from ':-in. plate 
and butt welded. The head was rolled to a 30 in. 
radius and joined to the cylindrical part with an edge 
weld. The nozzle was */s-in. stock with a 1 */j.-in 
flange and attached to the shell section with fillet welds. 

These heads are used in conjunction with a column 
manufacturing formaldehyde. Tube sheets 3 in. thick 
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by 36 in. in diameter were also produced for the over-all 
assembly from alpha aluminum bronze 

The continuous tube heat exchanger shown in Fig 
10 was produced from iron-bearing alpha aluminum 
bronze. The inside shell was made from 10-in. Sche- 
dule 40 welded aluminum-bronze pipe and the outside 
shell was produced from 14-in. Schedule 40 welded 
aluminum-bronze pipe. The legs were made of mild 
steel and attached to the shell using. the carbon-arc 
process with °/3:-in. diameter R-Cu-AlI-B filler rous 
The sections of tubing were joined by means of the 


diameter 


inert-gas metal-are process using bare 
R-Cu-Al-A2 filler rods. The tubing is */,-in. diameter 
16 gage and it required 250 ft. to complete the assembly 

This continuous tube heat exchanger was completed 
by welding in the flat heads using a modified J groove 
for a full penetration weld. The nozzles in the upper 
flanged head were attached by means of fillet welds on 
both sides of the head. 

Sections of a fabricated fractionation tower are 
This 10,000 lb. fabricated 
fractionation tower was made entirely under the A.S.- 


shown in Figs. 11 and 12. 


M.E. Boiler Code in agreement with special Case 
No. 1108. Welder qualifications were conducted and 
approved by the Ocean Accident and Guarantee Co 
using both the carbon-are and inert-gas metal-are 
process with covered R-Cu-Al-B and bare R-Cu-Al-A2 
filler rods respectively. 

This tower is in service in a large southern chemical 
plant producing acetic acid from butane gas by petro- 
chemical processes. The alloy was selected because 
of its excellent resistance to this corrosive medium, 
high strength and erosion-resistance characteristics 

The tower shell, as well as internal parts such as 
trays, downcomers and dams, was constructed of ®  -in. 
thick iron-bearing alpha aluminum bronze. The vapor 
risers are 2 '/s-in. O.D. by 2-in I.D. extruded tubing of 
the same alloy. Van Stone type nozzles were utilized 
throughout with steel backup flanges. 

The skirt of the tower was made of '/-in. thick car- 
bon steel which was welded directly to the bottom head 
by the carbon-are process without preheating or post- 
heating. 

Figure 11 illustrates the manner in which the trays 
were welded into the assembly by means of fillet welds 
using */;.-in. diameter filler rods. Figure 12 shows the 
two end sections upon completion and prior to assembly 
of the two center sections and illustrates the manner in 
which the dished heads were joined to the shell. 

Figure 13 shows part of an installation recently pro- 
duced for a large midwestern chemical company 
Twin units for the production of esters from alcohols 
and acids included steam-jacketed kettles, packed 
towers, overhead condensers, separators, valves and 
piping. The completed units were made from iron- 
bearing alpha aluminum bronze. 

The steam-jacketed kettles were designed for 75 psi 
external pressure and built out of ' .-in thick aluminum 
bronze, while the jackets were made out of !/s-in. thick 
S.A.E. 1020 steel. The A.S.T.M. standard flanged 
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tluminum bronze steam-jacketed kettles for 
production of esters from alcohol 


dished heads were also produced from ' »-in. thick 
aluminum-bronze plate. 

The towers, condensers and separators were produced 
from '/y-in. thick aluminum-bronze plate while the 
tubing was 5/s-in. O.D., 18-gage aluminum bronze 
conforming to A.S.T.M. B-11 specification. Split- 
disk gate valves were made from castings of aluminum 
bronze having a higher aluminum content. 

All welding was done in the downhand position with 
covered R-Cu-Al-B filler rods using the earbon-are proc- 
ess for the initial layers and the inert-gas metal-are proc- 
ess with bare R-Cu-Al-A2 for some of the finish beads 
for better appearance. In the butt welds, one string bead 
was applied from the outside using a 90-degree over-all 
V with a'!/s-in. lip. Following the string bead, all seams 
were back chipped from the inside and finished before 
the outer welds were completed. 

When the aluminum-bronze kettle was completed 
and before attaching the steam jacket, the assembly 
was stress relieved at 650° F. and air cooled. Stress 
relieving was employed because of the proximity of the 
18-in. outlet nozzle to the head seam and because of the 
large number of nozzles in the head. None of the other 
equipment was stress relieved after welding. 

These steam-jacketed esterification stills and columns 
were fabricated in accordance with the A.S.M.F. 
Boiler Code for Unfired Pressure Vessels under Para- 
graph U-68 and U-69. 


CONCLUSION 


It is evident from the foregoing test data and applica- 
tion information that iron-bearing alpha aluminum- 
bronze sheet and plate can satisfactorily be fabricated 
by the various are-welding processes, i.e., carbon-arc, 
metal-are, inert-gas metal-are, inert-gas consumable 
electrode and submerged-arc. The alloy cannot, 
however, be welded with the oxyacetylene process since 
a satisfactory flux has not been developed to adequately 
remove the very refractory oxides formed in welding. 

The mechanical properties of the weld metal pro- 
duced by any of these are-welding processes are com- 
parable to those of the base metal with the exception of 
duetility which is lower by the percentage difference 
existing in steel welding. 

The weld deposits produced in iron-bearing alpha 
aluminum bronze using the electrodes and filler rods 
recommended have the same corrosion-, erosion-, 
cavitation- and wear-resistant qualities found in the 
base metal and inherent in this type of alloy. 

Needless to say, the information contained in this 
paper regarding the are-welding of this new copper- 
base alloy is far from complete because of the required 
brevity of the article. However, it may be indicative 
of the amount of research and development work com- 
pleted in the past and does provide some fundamental 
principles to be considered in the fabrication of this 
alloy by are welding. 
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Product Design 


by John Mikulak 


INTRODUCTION 


HE supply of skilled man power has 

become a very critical item confront- 

ing the industries of our country. To 
alleviate this condition, it has become 
necessary for the production engineer and 
product designer to devise production 
methods, which, with suitable designs, will 
tr insplant the required skill from man to 
machine. Only by success of this evo- 
lution can the constantly increasing de- 
mands of production volume and perior 
mance of intricate mechanisms be satisfied 

In the past there has been a tendency to 
reserve so-called semi- or fully automatic 
high-production machines for large-volume 
production. This was true of machine 
tools “as well as welding equipment In 
the welding industry it is still quite com- 
monly expressed that a particular job 
would be an ideal applic ation tor auto- 
matic welding if there was considerably 
more production of the particular item or 
if the item were of considerably larger size 
and of heavy-plate construction 

It is necessary to disregard the latter 
logie and substitute one which will prov ide 
universal tooling and methods for the 
automatic process to quickly weld joints of 
relatively short lengths and cf infrequent 
identical occurrence. This mode of think- 
ing demands greater ingenuity on the part 
of the product designer and the tcol engi- 
neer. The welding engineer has available 
versatile automatic and semiautomatic 
welding equipment and can provide sub- 
stantial assistance in this matter There 
are new processes and equipment that re- 
quire less exacting tolerances on joint fit, 
plate preparation and base-metal metal- 
lurgy which will facilitate application of 
them to general product design. Low- 
hydrogen electrode and fluxes, twin-are 
submerged-welding machines and auto- 
matic gaseous shield-are equipment can be 
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named to illustrate a few of the later de- 
velopments now being applied commer- 
cially 

Inasmuch as equipment and methods 
must be produced to fit the design, the de- 
sign is considered basic and consequently 
in the following a discussion of design is 
given first, after which a description is 
given of equipment and methods avail- 


able to economically weld these designs 


DESIGN—GENERAL 


\ wide selection of design approaches is 
available and is made necessary when pro- 
viding performance features which are re- 
quired of products manufactured for vari- 
ous applications. Care must be taken 
that all codes are satisfied and, also, that 
the design is treated to incorporate the 
trade idvantages gener illy supplied by 
the product The design must not require 


fabrication operations which cannot be 
economically produced by existing equip- 
ment in the shop or, where possible to cost 
vdvantage, from outside suppliers. Due 
to the above limitations, the economics in- 
volved are, toa great extent, an individual 
problem However, there are several 
fundamentals that must be adhered to, to 
obtain best economy and these are listed 


as follows: 


1. Use materials possessing the best 
possible weldability When using alloys 
they should be chosen to require minimum 
pre- and post-welding operations Fur- 
ther, the material should possess weld 
environment which will assure suitable 
metallurgical and physical joint properties. 


2 Use as few elements as possible to 


compose a structure and determine that 
each is periorming a funct onal service. 
Investigate the use of pressings, castings 
and forgings to produce a composite de- 
sign with improved cost and product-per- 
formance results 

3. Decrease the amount of welding to a 
minimum by making use of bending and 
also by specifying joints which require a 
minimum amount of deposited weld metal. 

4. All welding should be clearly shown 
and specified on drawings and weld sizes 
held to a minimum. All drawings should 
show tolerances on fabrication and assem- 
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® Equipment and method to economically weld 
automatically production jobs of moderate quantities 


bly operations and these tolerances should 
be specified to produce optimum con- 
ditions at root openings of joints to be 
welded as well as allowing for distortion 
encountered when welding 
5. Specify joints where good fit-up is 
obtained with minimum effort in the fabri 
cation and the assembly operations 

6. Use joints which can readily be 
welded with the semi- or automatic weld 
processes. Where manual are welding ts 
used, make certain that the joint fit-up 
allows use of the largest electrode possible 
On heavy open-hearth steel structures 
under-bead cracking can be taken care of 
by a suitable electrode such as the low- 
hydrogen type 


7 Joints should be specified so that 
welding is balanced as nearly as possible 
around the neutral axis of the structure to 
assist controlling distortion. Joints speci- 
fied should be placed so that minimum 
grinding and cleaning is re quire d 

8 To decrease handling the design 


should be such that all welding, if possible, 
can be applied from one side of the struc- 
ture. In some instances this may require 
building the product from one or more 
subassemblies which later can be placed 
and welded in a final assembly jig. The 
latter procedure can also be used to pro- 
duce large production output with maxi- 
mum shop efficiency and lower jig cost 

9. Proper assembly and weld pro 
cedures should be provided to standardize 
product quality and cost These proce- 
dures should utilize maximum benefits ob 
tainable from the welding jigs and equip- 
ment provided for product’on, 

10 Welding-shop fleor should be so 
organized, especially on heavy manual 
welding and automatic welding, that maxi 
mum operator factor is maintained by the 
welding operators. This requires that 
setup, poor-fit repair and jig-disassembly 
operations, where possible, should be done 
by others rather than the weld operator 

11. Universally applied automatic weld 
equipment and universal jigs should be 
provided to produce maximum arcing 
time. Standard automatic welding heads 
ean be modified to provide ample toler- 
ances on joint openings to allow use of con- 


ventional fabrication methods produced by 
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properly operating regular steel shop fabri- 
cating equipment 

12. Fabricating operations should be 
produced by using gages and tools ordi- 
narily supplied with fabricating equip- 
ment. Shearing and bending plates to 
chalk marks, either sealed off on the piece 
or traced from a template, can quite 
readily provide high production cost, espe- 
cially in the set-up and welding operations. 


DESIGN APPLICATION 
In the following it is assumed that the 


general shop is considered 
rather than 


fabrication 
4a mass-production type of 
Therefore, it is necessary to con- 
relatively small quantities where 
setup operations of jigs are of frequent oc- 


shop 
sider 
currence. Consequently, the initial task 
in design is to set up an arbitrary set of 
design standards and later have the de- 
This ap- 
proach will provide interchangeable parts 
or subassemblies on the various sizes of 


signs correlated to correspond 


units or products being manufactured to 
produce larger volume of identical or simi- 
lar operations. Asa result improved econ- 
omy will be obtained in material purchas- 
ing, material and parts storage, material 
and parts handling, inventory turnover as 
Further, 
this approach will simplify construction of 


well as production operation. 


universal jigs that will accommodate a 
partial or complete group of various size 
units making up an equipment line. 

By making a survey of all the parts 
being produced it is possible to establish a 
general design approach to cover fabri- 
In making 
fabrication 


cation and assembly needs 
this survey, 
equipment not available may more readily 


machine and 


be proved desirable and, if purchased, will 
provide maximum assurance of anticipated 
payback and product-cost results as well as 
product performance. In this survey con- 
sideration should be given to produce com- 
ponent parts in a group of general-purpose 
jigs and, further, determine where press- 
ing, bending, shearing or torch cutting 
will be used for fabricating component 
parts. This survey should also determine 
where and when parts made by casting 
and forging will be introduced into the de- 
sign as elements of the weldment. Fur- 
ther, this survey should provide standard- 
ization of material analysis to be used, and 
plate, bar and shape sizes to minimize the 
problems and hazards encountered when 
myriads of materials and sizes are collected 
in. stores. Under present market con- 
ditions, the latter may prove difficult to 
execute without substitutions. However, 
the program will be in process to make use 
of economies when and where they can be 
employed. 

This type of data can be worked up in 
chart or graph form suitable for quick ref- 
erence. The design department should 
have for quick reference, over-all dimen- 
sions and tonnage capacity of equipment 
such as press brakes, power bend brakes, 
shears, planers, milling and boring equip- 
ment. The design department should also 
have available drawings of existing press 
and bending tools with notation of permis- 
sible variations such as flange heights and 
material stock thickness. The mainte- 
nance and physical condition of dies and 
tools is a production-department activity 
and need not concern the design depart- 
ment except that the latter should be noti- 
fied when a die or tool is to be reworked or 


replaced. At this time the design depart- 
ment should have an opportunity to re- 
quest desirable changes in the particular 
tool or die. 

Other data that should be available in 
the design department are charts showing 
where break-off points occur between 
bending sheets of various thicknesses for 
various lengths and various quantities 
against shearing or torch cutting separate 
plates and welding them together. A 
chart of this type is illustrated in Fig. 1 
where pressing costs are on the left-hand 
side, and manual and automatic welding 
costs are on the right-hand side. In both 
instances cost covers fabrication, setup 
and handling of material for making the 
parts suitable for the final operation of 
either bending or welding and, in the case 
of welding, the cleaning operation to re- 
move flux and splatter. No material cost 
is included in this chart as it is assumed 
identical in both cases. Figure 1 illus- 
trates the definite effect of automatic weld- 
ing on the cost economy in a weldment 
It is to be noted that this figure is for a 
small number of pieces. As the number of 
identical pieces increases, the economy 
rate favors bending. In the bending cost, 
time is allowed for adjusting dies, ram 
travel and stop gages but not for changing 
dies. The latter is done deliberately be- 
cause it will be found that a standard die 
set will perform satisfactorily for a large 
number of different jobs in right angle- 
bending assumed in this figure 

Another chart for quick reference is 
shown in Fig. 2 and indicates the approxi- 
mate cost per pound of simple low-carbon 
steel castings against properly designed 
weldments of the same weight produced 


COST OF BENDING TwO PLATES- £2 20 


MANUAL WELO-*%2 6022+ "5.20 
AUTOMATIC WELO-*%! 4022+°2 80 


{820-2 20) 
(5 20) 


(2 80-2 20) 
(2 80) 


WELO 


REQO- 2 JOINTS, 4 LONG FROM 5/16" PLATE 


COST OF WELDING FOUR PLATES TO PRODUCE 2 


(100)+58% SAVING BY BENDING OVER MANU 
WELO 


(00) + 21% SAVING BY BENDING OVER AUTO 


son's 


(Assume std die 9 postion on broke) 


iN DOLLARS 


DOLLARS 


COST OF WELDING ONE JOINT 


Sea 


fan 


OF BENDING (ONE BEND PER PIECE) 


cost 


OF JOINT IN FEET 


Fig. 1 
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LENGTH OF JOINT IN FEET 


Cost per foot for bending and welding of 90-degree joints 
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canon - 
OvERNEAD- 
SEM OF AUTOMATIC PRODUCTION 80% OF WELO 
MANUAL WELD JONT PRODUCTION 2 — 20% OF 


WA, 


+ 


| 


OF CASTING OF WELOWENT WH POUNDS 


Fig. 2 


from open-hearth steel. The casting costs 
in the upper left-hand side allow for weight 
classification and casting quantities but do 
not allow for original pattern cost. To 
obtain the cost of the weldment it is neces- 
add the 
cost on the right-hand side to the 


sary to material and fabrication 
welding 
In the 
latter, it is assumed that 80% of the weld- 
ing is done 
automatic subme 


cost on the lower left-hand side 
by either an automatic or semi- 
rged-are weld process and 
the remaining 20% is done manually with 
shielded electrodes, 
the cost effect by increasing the number of 


The chart also shows 


pieces required to produce the weldment. 


Similar charts should be made available to 


MAINTAIN FIT UP AND 
NO TRIMMING OF 
PRESSING HEIGHT E 


WELD A 
- A FRESSING VARIATION WELD PAD 
AND 
7 


NG 
LENGTH 


VARIATION FOOT 
AND 


RUCTUAL SHAPE 


RADIUS ON AAD THAN 
tin TO ALLOW FOR BEND 


PRESSING VARIATION END CHANNEL AND 


FOOT VARIATION 


PER OF WELOMENT OF CASTING DOLLARS 


cost 


CAST STEEL CASTING 104 


ot } LABOR FROM MENT om. —4 
vot cos’ 
t 


L 


Cost per pound of castings and weldments in steel 


| | 

J 
show cost of ordinary gray cast iron, 


nodulated cast iron and riveted construc- 
tion versus welded construction. 

In Fig 2 it is important to note that as 
the weldment reduces in weight, the cost 
per piece on the pound basis increases more 
rapidly than the casting Further, as the 
number of pieces to make the weldment 
increases, the 


cost of same increases at a 


greater rate and for this reason care should 
be exercised that maximum func tionability 
is obtained from each being used 
Also for 


cised that the use 


piece 


this reason care should be exer- 


of castings, pressings OT 


forgings for component parts be investi- 
gated. 
THEN ADJUST ¢ 


MiNi MACHINED 


When manufacturing a line of products 


covering a wide latitude of duty or capac- 
the identical 
This 


i Poor 


ity, there is a tendency to use 
design throughout the complete line 
approach generally produces either 
profit or a loss of profit on the smaller units 
of the product line. The smaller units 
should be studied from a product-perfor- 
and, 
designed to reduce the number of pieces 


mance standpoint possible, re- 
by combining pressings, forgings and steel 
castings to produce an economical compos- 
ite structure 

For fabricating rectangular or 
straight-sided plates, 
mended through ® /s in. thickness and torch 
cutting on heavier 
heavy plates causes distortion in directions 


other 
shearing is recom- 


plates. Shearing on 
transverse and longitudinal to the plate, 
resulting in poor weld-joint fit-up. When 


castings or forgings are used, the weld- 


joint preparation, where required, should 
be incorporated on these parts. 
For lowest weldment cost, the design 


should allow the shop the maximum pos- 
sible opportunity to adjust dimensions be- 
fore welding parts which have controlling 
surfaces. These parts should be adjusted 
after the major portion of the welding at 
the control area has been completed. In 
this way minimum straightening and ma- 
chining cost will Further, 
the design should allow for maximum pos- 
sible fit-up tolerance on the various parts. 


e involved 


Figure 3 illustrates a bedplate design con- 
sisting of a « hannel 
tals 
where adjustment is allowed for tolerances 


frame and two pedes- 


The sketch illustrates the locations 


on fabrication and welding to decrease the 


trimming, fitting, straightening and 


chining labor required 


ma- 


In welding, the joints at the junction of 
the pedestal parts with the top flanges of 
the channel first, alter 
which the clamps < n the channel iron frame 


frame are made 


are retightened and the channels are 
welded at the Junctions of the lateral and 
Next, the 
pedestal 


longitudinal members welds 


joining the two pressings are 
made after which the pedestal foot pads are 
adjusted and the joints between the pedes- 


tal walls and the foot plates are made. 


site 
ALL WELD SEMI AUTOMATIC 
SUBMERGED ARC-MAXIMUM ROOT OPENING Xe 
Fig. 3 Suggested bedplate design to provide maximum (a) 


tolerance for fit-up and also making use of the power- 


press brake parts to minimize welding 
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(b) 


Fig. 4 Joints designed for manual and automatic welding 
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Fig. 5 


in installation employing a welding-head manipulator and turning 


rolls to completely weld all longitudinal and circumferential welds in a vessel 
with one set-up operation 


Another important observation is to 
note that a minimum number of plate 
This reduces the 
number of plates that must be handled to 
produce all the elements required. Fur- 
ther, observation should be made that all 


thicknesses is specified. 


welding is accomplished from the outer 
side of the weldment and, therefore, by 
using a welding positioner, all welds can 
be easily reached with minimum effort and 
time. This assembly can be completely 
welded by use of the semiautomatic sub- 
merged-are process at welding speeds of 20 
t) 30 in. per minute and an operating fac- 


fig. 6 


futomatic welding-head manipulator for universal 


tor of approximately 40 to 50%. By posi- 
tioning joints so that the poor fit-up at the 
joints is placed on the vertical leg of the 
fillet welds, root openings up to '/j- on 
'/,-in. plate are easily welded without arc- 
ing through the joint. 
automatic or automatic welding head, al- 
lowing high weld speeds, produces con- 
siderably less distortion than that obtained 


Use of the semi- 


by manual processes and also practically 
eliminates the weld-cleaning operation. 
Figure 4 (a) illustrates a tee joint made 
by welding a flange, in a conventional 
manner, by the manual are process where 


Fig. 7 


the maximum joint speed will be below 
1/, in. per minute. Figure 4 (6) illus- 
trates this same joint which can be pro- 
duced by the automatic submerged-are 
welding process at joint speeds up to 16 in. 
per minute. For the latter, the use of a 
twin electrode automatic welding head 
allows use of root openings similar to those 
encountered in joint practice shown in 
Fig. 4 (a). This head is made by modify- 
ing a standard automatic submerged-are 
welding head (including controls) which 
can be adjusted to produce an arc-poo] 
effect which will wash across a joint rather 
than penetrate through it. Depth of pen- 
etration can be obtained by increasing 
amperage and, because two electrodes are 
available, the rate of deposition and, there- 
fore, weld speed is increased. On plates 
ever */, in. substantial root openings can 
be tolerated without necessity of back-up 
In addition to the gain in 
welding speeds, the design in Fig. 4 (b) en- 
tails less cost in joint preparation and also 


less fit-up time. 


provisions, 


There is a tendency in the machine too! 
and other functional machinery industries 
to specify corner welds for purpose of ap- 
pearance. A corner weld, especially on 
plates under '/, in. thick, is a difficult joint 
to set up and weld and generally requires 
considerable grinding because a smooth 
surface is necessary due to the high-light 
appearance focused on this type of joint. 
For semi- and fully automatic weld appli- 
cation to these joints, it is necessary to pro- 
vide either sufficient material at the root 
of the joint by lapping plate edges or by 
providing other suitable back-up means. 
Flux-supporting troughs must be pro- 
vided at the welding-are side of the joint 
and ean be produced by tack welding two 


Phot» Couriesy We tinghouse Electric Corp. 


Installation employing powerized turning 


application to small welded assemblies produced in small rolls and propelling equipment for universal 


quantities. 


Longitudinal and transverse welds are being made 
on the motor housing in the installation. 


Circular welds can 


also be made with this equipment 
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application 


to automatically weld various size 


vessels 
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Fig. 8 Platform-type rotating positioner to suitably position any irregular 
assembly for automatic welding. Rotation is available on the platform table 
as well as on the positioner headstock 


straight edges of suitable lengths to cross as fiber glass sleeving or tape can be 
ribs and then placing the straight edges to held in position by serew clamps, air 
straddle the joint being welded. clamps or permanent magnets to accom- 
Figure 3 illustrates a structural design plish comple te penetration to joints requir- 


whereby the outer corners of the unit are ing same. Heavy glass tape is very useful 
produced with press operations and the for sealing poor fits between copper 
internal joints are produced by lapping back-up bars and the plate to be welded 
In this 


manner minimum demands are placed not 


plates to provide for fillet welds 


SHOP APPLICATION 


only on welding and fit-up operations but The design approach, previously dis- 


also in fabrication operations to effect cussed, will enhance the use of universally 
applied jigging. For manipulating this 


jigging as well as the product being pro- 


maximum economy 
Automatic welding can be easily adapted 


to job-shop production if designs are pro- duced, properly designed welding posi- 


duced where the major share of the welding tioners, power turning rolls and welding- 


ean be applied from one side. In most head manipulators can be purchased as 


cases steel or copper back-up bars, as well standard equipment. The latter can be 


Fig. 9 Welding gantry which with a power and idler roll 
is suitable for welding girth and longitudinal welds on 
vessels 
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used to advantage to decrease initial tool- 
ing cost, provide for versatile application 
to several jigs and other production as well 
4s producing the proper environment to 
meet the characteristics of the welding 
processes and methods 

1 installation 


Figure 5 illustrates a 
where all longitudinal and circumferential 
welding on vessels can be accomplished in 
one setup. The vessel is supported and 
rotated by a standard motorized power 
turning roll and idler roll and, further, 
each of these rolls is supported on a rail- 
road-type motorized dolly and idler dolly, 
respectively. The welding head is sup- 
ported bya cantilever-type automatic weld- 
ing-head manipulator. The column sup- 
porting the boom can be rotated 360° so 
that set-up work can be in progress by a 
set-up gang at one side of the manipulator 
while welding is being accomplished at the 
other side. Other set-up or finish-welding 
gungs can remove assemblies from fixtures 
and thereby enable the automatic welding- 
head maximum production capacity 

Figure 6 illustrates a more flexible and 
universally applied welding-head manipu- 
lator and positioner. In this figure a mo- 
tor case is being welded and joints pro- 
duced are longitudinal and lateral to the 
welding-head manipulator. To produce 
lateral joints, the boom on which the weld- 
ing head is mounted is moved through the 
column of the welding-head manipulator so 
that the welding head traverses the joint. 
For longitudinal joints the welding-head 
manipulator is propelled along the track 
In both instances the welding positioner 
places joints for proper control of the arc 
and are pool. Circumferential welds can 
also be made with this equipment by ro- 
tating the assembly by means of the weld- 
ing positioner. Further, inside and out- 
side joints can he welded where there is 


Fig. 10 Small assemblies can be manually welded to ad- 
vantage by use of a positioner. Proper weid position in 
conjunction with the weld operator's dolly provide as- 
surance of minimum operator fatigue to produce maxi- 
mum production and high-quality workmanship 
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Fig. 
and pipes to flanges. 


sufficient provision to engage the welding 
head. In cases where the amount of weld- 
ing warrants application of a flexible elec- 
trode extension, joints several feet long 
can be made through openings as small as 
tor 5 in. in diameter. 

Figure 7 illustrates another universal 
set-up for welding vessels with an auto- 
matic welding head. The welding head is 
mounted on a ram which can be raised and 
lowered. The vessel ig supported by a 
motorized power turning roll and an idler 
roll, and each of the latter is supported on 
a railroad-type motorized dolly and idler 
dolly, respectively. The dollies can be 
spaced for any center distance to support 
lengths of vessels. Remotely 
operated electrical tachometers assist in 
maintaining accurate control of the weld- 
ing speed. 

The power roll and the motorized dolly 
supporting this unit are propelled by a 
common transmission and by shifting two 
lever-operated clutches; the drive is 
shifted from the power roll to the dolly 
drive, or vice versa. 


various 


For circumferential 
welds, the dolly drive is engaged to posi- 
tion the joint and then the drive is trans- 
ferred to the power roll for rotation during 
welding. To weld longitudinal seams, the 
power roll is driven to position the joint 
under the welding head and then the drive 
is transferred to the dolly to propel the 
work for welding 

Figure 8 illustrates a platform type of 
positioner. The platform is mounted be- 
tween a motorized headstock and idler 
tailstock. The hinged joint between the 
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Semiautomatic welding of small seamless tubes 
Three assemblies previously welded 
are shown in the foregrou 


Fig. 12. 


futomatic welding small assemblies such as the 
automotive differential housings can be accomplished 


with welding-head manipulator and weld positioner 


platform and pedestals mounted on the 
head- and tailstocks provides for expansion 
and contraction to maintain alignment 
The platform is provided with a motorized 
rotating table and, consequently, practi- 
cally any intricate assembly can be com- 
pletely positioned. This unit operating 
with an automatic welding-head manipu- 
lator, illustrated in Fig. 6, could be applied 
to any irregular assembly for speedy uni- 
versal application 

Figure 9 illustrates another universal 
welding manipulator which, in conjunction 
with a power turning roll and idler, can be 
used to readily weld various lengths and 
diameters of vessels in one setup. The 
vessels shown are generally of lighter gage 
plate (from '/, through */s in. thick) and 
are provided with steel back-up strips on 
both girth and longitudinal joints, The 
complete vessel is welded in one setup and 
then rolled down the ways to a testing sta- 
tion. When using power rolls for auto- 
matic welding, it is advisable to make use 
of rubber-tired rolls or provide other posi- 
tive drive mechanism. In welding soft 
alloys care should be taken to provide rolls 
of sufficient width to prevent high pres- 
sures which could scuff the drum surfaces. 
For accurate control of weld bead and 
penetration it is important that the rolls 
are level and in alignment with the travel 
of the gantry. To control the are pool 
and slag on a large weld size application, 
it may be desirable to have alignment of 
rolls so that the joint is being welded 
slightly uphill and, therefore, adjustment 
should be provided between the turning 


Mikulak 


Product Design 


rolls and the turning roll supports. By 
welding slightly uphill molten flux is kept 
from flowing ahead of the are pool to as- 
sure proper penetration, weld soundness, 
control bead size and weld reinforcement 

Figure 10 illustrates use of smaller posi- 
tioners used to position small parts. By 
elevating these positioners, it is possible to 
provide the most desirable welding position 
for the operator to assure increased produc- 
tion and proper weld quality. A dolly- 
type chair for the weld operator increases 
his mobility with minimum effort. 

Simple semiautomatic welding oper- 
ations can be produced by merely using a 
welding positioner to rotate the work past 
an operator. As shown in Fig. 11, the 
operator supports the semiautomatic gun 
to complete the weld. Three samples of 
completely welded fittings are shown in the 
foreground. 

Figure 12 illustrates a relatively sma!) 
assembly (motor-truck differential case) 
being welded with the automatic welding 
head. The welding head can be mounted 
on a cantilever boom and by a combination 
of propelling the head down the boom and 
rotation by means of the positioner, the 
complete longitudinal and circular welds 
can be made in one set-up operation 

In the job shop, tooling has a substantial 
effect on the cost and success of the weld- 
ment. Consequently, the tooling must 
not only produce a fast and accurate setup, 
but also must be suitable for modification 
by removing or adding elements to accom- 
modate a full range of sizes and types of 
products being produced 
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by Harrison S. Sayre 


INTRODUCTION 


URING the past few years the in- 
creased use of hard facing and corro- 
sion-protective coatings has  con- 


tributed greatly toward lengthening the 


life and reducing the number of failures in 
machine parts, structures and welded as- 
semblies subject to wearing, corrosive or 
erosive influences. The application of 
overlays has become an important item 
in the Armed Services as well as in indus- 
try. The U.S. Naval Engineering Experi- 
ment Station has played an important 
part in the development of hard facing 
applications for use in the Naval Service. 


OVERLAY IN THE NAVAL SERVICE 


The Navy has conducted extensive in- 


vestigations in the search for a suitable 


coating for low-alloy steels to allow their 


use in salt water. Two applications in 


particular have created considerable in- 


These are the de- 


terest along this line. 


sire to use steel propellers and the im- 


proved protection of outboard propeller 


shafting. Both of these applications re- 


quire complete protection of the base 


metal as a means of preventing corrosion 


fatigue 


In the case of propellers a considerable 


saving In cost and in strategic materials 


would be realized by the use of steel in the 


* place of the usual manganese bronze. The 


design trend toward thinner blades and 


higher operational speeds has required 


that materials stronger and more resistant 


to cavitation be used. The coating of a 


steel propeller has been a problem on which 


the Navy has been working for a number 


ot years 


The present method of protecting out- 


Harrison S. Sayre is a Welding Engineer with the 
U. 8S. Naval ngineering Experiment Station 
Annapolis, Md 


Paper was presented before the Thirty-Second 
Annual Meeting, A.W.S., Detroit, Mich., week of 
15, 1951 

This paper presents the author's personal 
opinions and assertions, which do not necessarily 
reflect the official attitude of the Navy Depart 
ment. 
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board portions of propulsion shafting is 
to cover the bearing areas of the steel shaft 
with bronze sleeves and the balance of the 
Shaft with a neoprene coating so as to 
prevent sea water from coming in contact 
with the shaft 
sibility of incomplete protection at the 


There 1s, howe ver, & pos- 


joints in the sleeves or where damage oc- 
curs to the neoprene coating. This is one 
reason for operating Naval vessels with 
relatively low shaft stresses and corre- 
spondingly large shaft diameters. Ad- 
vanced design practices are now employing 
lighter weight, higher stressed shafting 
With these conditions the reliability of the 
protective covering becomes extremely im- 
portant. With the higher stresses and in- 
creased twisting of the shaft the bronze 
sleeves and neoprene coating may not 
function so satisfactorily It is for these 
reasons that the Navy has been interested 
in developing the use of metallizing and 
remelting as a means of applying a protec- 
tive coating to shafting 

The use ot hard surtace and corrosion 
protective overlays is not by any means 
limited to the above two applications 
There are literally hundreds of machine 
parts and assemblies in use throughout the 
Naval Service where the application of a 
protective coating contributes greatly to- 
ward increasing the life of the part and af- 
fects appreciable savings in cost through 
the reclaiming ot damage d or worn equip- 


ment 


METHODS OF APPLICATION 


The above demands for methods of ap- 
plication of overlays to propellers started 
a number of years ago with a basie study 
of the various methods for the application 
of hard-surface or corrosion-resistant coat- 
ings. They are gas welding, electric-arc 
welding and recently by metallizing and 
remelting 

In the gas-welding procedure the over- 
lay is applied to the base metal by means 
of a torch and a rod of the overlay material. 
The main advantages of this method were 
found to be the absence of dilution of the 
base metal and resultant maintenance of 
the characteristics of the overlay material 
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development of materials, techniques and proce- 
dures for the application of fused metallized coatings 


Fig. 1 Overlay applied by gas welding 
This is an important factor as the compo- 
sitions of the base metal and overlay are 
quite different. Another im- 
portant factor is the ease with which thin 


generally 


layers of surfacing may be applied and 
the ease of running the surfacing out to 
sharp changes of contour in the base 
\ typical gas-welded overlay is 
shown in Fig. 1. 

The main advantages of overlay dep- 


metal 


osition by electric-are welding methods 
lie in the high rates of deposition attain- 
able, flexibility of application and ease of 
mechanization Arc welding is also es- 
pecially applicable to localized surfacing 
of large or heavy pieces. An electric-are- 
welded overlay is shown in Fig. 2. 
Recently there has been developed a 
companion method for the application of 
overlays. The application of coatings by 
this procedure, metallizing and remelting, 
was started by U. S. Naval Engineering 
Experiment Station personnel a number of 
AMERICAN WELDING 
Society has adopted the term 


years ago The 
fused 
metallized coating to describe this pro- 
cedure. In this method a _ controlled 
thickness of the overlay material is first 
applied by 


metallizing using a metal 
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Fig. 2 Overlay applied by electric- 
are welding 


spray gun. Following application in this 
form, the coating is remelted to form a 
homogeneous fused metal overlay by 
means of an oxvacetylene torch, controlled 
atmosphere furnace or induction heating. 
The principal advantages of this method 
are that the application is simple, compar- 
atively low heat input is required, and dis- 
tortion is held to a minimum. <A thin 
controlled thiekness of overlay can be ap- 
plied and subsequent machining or grind- 
ing reduced toa minimum. In many eases 
the metal as deposited is sufficiently 
smooth and no finishing operation other 
than polishing is required A surface 
coated using this method is shown in Fig 


APPLICATION PROCEDURE FOR 
FUSED METALLIZED COATINGS 


The application procedure for the over- 


Remelted 


Fig. 3 Overlay applied by fused 
metallized coating 


lay of a surface with a fused metallized 
coating is relatively simple although de- 
velopment of the optimum techniques bas 
brought out many precautions which 
must be observed in order to produce a 
sound overlay. The basic steps in the 
procedure consist of the following: A 
shaft specimen illustrating these steps is 
given in Fig. 4 

1. The surface to be coated must be 
cleaned to remove all grease, oil or other 
contamination. All seale must be re- 
moved and there must be no pits or holes 
contaming sources ol contamination 
Sharp changes in contour of the surface 
must be avoided 

2. Grit blast the surface using sharp, 
clean, angular No. 30 steel grit. This 
gives a roughened surface to provide a 
mechanical bond for the 
particles of overlay material. Following 
blasting, the surface should be protected 


sprayed-on 


Metallized 


to prevent contamination or oxidation 
prior to the metallizing process. 

3. Spray the overlay material on the 
whole surface in thin even coats. The 
first layer should be applied as quickly 
and evenly as possible to prevent forma- 
tion of surface oxides due to heat im- 
parted by the sprayed material and flame 
of the spray gun. This metallizing may 
be accomplished either with the materia! 
in powder form and a powder-gus metalliz- 
ing gun or with the material in wire form 
and a wire-gas-type gun. 

4. Remelting of the sprayed-on material 
should be accomplished as soon as possibl: 
after spraying. When remelting by means 
of an oxyacetylene torch, the whole sur- 
face to be remelted should be preheated 
to approximately 700° F. Care must be 
taken not to allow this preheat to exceed 
1000° F. as there is danger of oxidation of 
the base metal below the overlay. If 
oxidation occurs, a satisfactory bond will 
To remelt, the flame 
should be directed at the metal until the 


not be obtained. 


overlay assumes a glassy appearance. As 
this point is reached the remelting torch 
should be advanced resulting in a pro- 
gressive fusing of the entire surface. 

5. After remelting, the rate of cooling 
will depend upon the type of base metal, 
the mass of the part, and variations in see- 
tion. It has been found that on low-alloy 
steel base metal the part should be slow- 
cooled in lime or by wrapping in asbestos 
However, on certain alloys such as high- 
carbon and nickel steels, it is necessary 
to furnace-cool the coated piece at a 
controlled rate of 50 to 100° F 
to avoid cracking of the overlay. After 


per hour 


completion of the cooling period the part 
should be carefully inspected for cracks 
or defects in the coating. At the Ex- 
periment Station the oil-powder method 
of flaw detection is used for this inspection 


PROPELLER COATING 


The initial phases of the investigation 
to develop a suitable corrosion and cavita- 
tion-resistant coating for steel propellers 


were started in 1942. The metallizing 


Grit Blasted 


Fig. 4 Specimen illustrating steps in application of fused metallized coating 
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and remelting procedure was first applied 
USINng phosphor bronze as the overlay 
material, The optimum cladding tech- 
nique Wis developed and this procedure 
was applied experimentally to two small 
propellers. One of these, Fig. 5, fabri- 
eated of mild-steel plates and cladded 


with phosphor bronze, was operated in 


Fig. 5 


Severn River water for approximately 


1200 hours. During this period no de- 


fects or failures developed However, 
cladding steel with phosphor bronze was 
found to entail certain disadvantages 
which would render the application 
difficult and impractical from a production 


standpoint 


Fig.6 Setup for development of remelting procedure of metallized coatings on 
propeller blades 
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In the continued search for a satis- 
factory protective coating to be applied 
by metallizing and remelting many 
metals and alloys were tried. These in- 
cluded nickel, brass, monel, stainless steel 
and nickel-chrome-tungsten alloys of 
various types. None of these materials 
were found suitable for use in fused 
metallized coating proce dure. 

Recently «a chrome-nickel-boron  sur- 
facing alloy was developed. This mate- 
rial, available in either powder or wire 
form, is particularly suited for applica- 
tion by metallizing and remelting and 
has the desired properties of resistance 
to corrosion and cavitation. This alloy 


has a nominal composition of 65-75% 


nickel, 13-20% chrome, 3-5% boron with 


a combined maximum of 10% iron, 


silicon and carbon. A test program fo 
the evaluation of this material for use 
in surfacing of steel propellers was ini- 
tiated the latter part of 1947. 

In the coating of a steel propeller 
various problems are present which re- 
quired the development ot special tech- 
niques. Extreme care must be taken 
to eliminate warpage of the blades during 
the cladding procedure. In order to 
control distortion, a technique was de- 
veloped wherein the blade is held in a 
vertical position and two welders are em- 
ploved to simultaneously remelt both 
sides of the blade 
simulated blade and setup used in the 


Figure 6 shows a 


development of this procedure. To pre- 


vent warpage by control of h 


‘at input 


the two welders must be trained to work 


as a team keeping their torches and re- 


melting progression synehronized di 
rectly opposite each other on the two sides 
taken to 


fuse all portions ol the coating vet the 


of the blade. Care must be 
heat input must be carefully controlled 
to prevent running or sagging of the 
coating alloy. A double remelting pro- 
cedure was adopted as it was found that 
this produced complete fusion of the 
overlay, and a sounder and smoother 


deposit 


As a practical test a cast steel YMS 


propeller was coated employing — the 
chrome-nickel-boron alloy as the overlay 
material. By use of the above-described 
techniques the warpage in the blades was 
held to a minimum and the overlay on 
the blades was quite smooth. However, 
examination of the coating showed cracks 
in the overlay on the hub section and 


small defects in 


the cladding resulting 
from inherent defects in the casting 
\ttempts were made to develop methods 


for the repair of coating defects. How- 
ever, all attempts at local repair resulted 
in cracking of the coating in surrounding 
areas. This indicated a definite need 
for a modification of the coating alloy to 
permit’ satisiactory use on steel pro 
pellers 

A modified alloy mixture was developed 
which had a composition of 40 parts 


> 
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Fig. 7 Fused metallized coating on test 
plate following salt-water immersion test 


chrome-nickel-boron basic alloy, 60 parts 
nickel by weight with sufficient silicon 
ulded to raise the silicon content of the 
The results of a 
series of evaluation tests performed on 
this modified material were as follows: 

1. The could be 
allowed to cool in air without the develop- 
ment of cracks or defects. 

2. Salt-water immersion tests showed 
the overlay to be corrosion-resistant and 
Figure 7 
shows a steel-plate specimen which was 
subjected to three months’ immersion in 
Severn River water, a brackish estuary 
This specimen showed no signs 
of ferrous plate was 
washed to remove marine growth for 


total mixture to 5%. 


remelted coating 


the base metal fully protected. 


water 
corrosion. The 


closer examination of the remelted coating. 

3. In the event defects are found in the 
coating or if it) beeomes damaged in 
service, the ec iting can be repaired by 
locally remelting the area or by grinding 
off the damaged area, respraying and 
remelting the spraved mixture. 

4. The hardness of the modified material 
This is 
approximately 15 points below the basic 
alloy: however, for corrosion protection, 


averages 41 Rockwell C seale. 


hardness is not of prime importance. 
Additional practical evaluation of this 
procedure as a means of protecting steel 
propellers is planned in connection with 
the rehabilitation of the damaged steel 
blades of an ice-breaker propeller. This 
program has been initiated, the damaged 
areas in the blades repaired by welding 
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and the application of the overlay alloy 
is scheduled for the near future at a West 
Coast Naval shipyard. 

This procedure also merits considera- 
tion in the event of future rehabilitation 
of the wartime merchant fleet in view of 
the scarcity of copper and realizing that 
approximately 60% of each 15-ton mer- 
chant-ship propeller is copper. 


PROPULSLON-SHAFT COATING 


The application of a metallized and 
remelted coating to shafting is simplified 
due to the geometry of the part. In most 
instances the shaft can be rotated con- 
stantly during the entire procedure and a 
smooth controlled-thickness coating may 
be quickly obtained with no resultant 
distortion of the shaft. The basie tech- 
nique is similar to that in the case of flat 
surfaces, that is, the shaft is cleaned, 
metallized, remelted and 
finally polished, machined or ground de- 
pending upon the final condition desired. 

The technique employed in the remelt 
of the metallized overlays on round bar 
stock plays an important part in the pro- 
Sufficient 
heat input must be provided to permit 
complete fusing of the coating as rapidly 
As a practical example, in 
the remelt of a 0.020-in. thick chrome- 
nickel-boron coating on 3-in. diameter 
stock, two oxyacetylene torches with No. 
13 bulbous-type tips are employed. The 
flames of these torches are positioned 180° 
apart on the circumference of the shaft 
with one torch slightly advanced in posi- 
tion longitudinally in the direction of remelt. 
The shaft is rotated at 100 rpm. through- 
out the remelt process. The time re- 
quired for a double remelt of the coating 
is approximately 2'/, min. per 6-in. length 
of shaft. The importance of employing 
trained operators 
phasized as the rate of remelt and sound- 


grit-blasted, 


duction of «a sound coating. 


aus possible. 


cannot be overem- 


ness of resultant coating depend in 4 
large measure on the ability of the operator 
to determine the point at which fusion of 
the coating is reached. 

The application of the chrome-nickel- 
boron overlay alloy to low-alloy steels 
presents very little difficulty. Sound 
deposits are obtained without cracking or 
checking of the surface. However, with 
high-carbon and alloy steels, such as 
Class An, 3'/3% Ni steel and Alloy No. 4 
steel, difficulty is encountered in ob- 
taining a coating free of cracks. Figure 8 
shows an Alloy 4 hollow steel shaft which 
cracked during cooling. These cracks are 
due to the differences in the coefficients 
of expansion of the base metal and overlay 
material and to the relative speed of 
contraction during the cooling period 
It has been found that crack develop- 
ment occurs not only during the cooling 
period but frequently after an appreciable 
It may even occur during 
Figure “ 


lapse of time. 
the storage of a finished shaft. 
shows a shaft in which no cracks were 
present immediately following the cooling 
period but which developed the cracks 
shown within 24 hours. Cracks are 
shown by oil-powder flaw detection. In 
some services minute cracks may be oi 
minor importance and have very little 
influence on the life of the part. In 
services involving corrosive action their 
elimination is of primary importance 

By development of improved remelting 
techniques and controlled cooling of the 
shafting following remelt, shaft specimens 
were obtained which were free of cracks 
even following a prolonged storage period 
at room temperature. However, when 
these specimens were immersed in salt 
water, cracks began to develop in the 
coating following immersion periods rang- 
ing from 12 hours to 5 days. Figure 10 
shows a shaft in which the cracks shown 
developed after 18 hours immersion in 
salt water. This shaft had been kept in 
storage at room temperature for three 


Fig. 8 Fused metallized coating cracked during cooling period 
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weeks prior to the immersion test. Dur- 
ing the storage period no defects dev eloped 
in the coating There is apparently " 
high order of residual circumferential 
tensile stress in the coating The coating 
Is subject to a stress corrosion when im- 
mersed in the salt water as a corrosive 
medium 

This condition of stress corrosion which 
renders the basie chrome-nickel-boron 
alloy unsuitable for use on propulsion 
shafting led to the adoption of a modified 
coating material as previously described 
in connection with propeller cladding 
The use of the modified material resulted 
in a coating which was free of crack de- 
velopment during the cooling, storage 
and salt-water immersion periods to 
which it was subjected. Figure 11 shows 
a Class An, 3'/.% Ni steel shaft clad with 
the modified alloy. This specimen was 
immersed in Severn River water for 
over 4 months. Following removal from 
the water, the shaft was washed to remove 
all marine growth. Inspection showed 
no visible signs of ferrous corrosion and 
the coating was free of cracks 

This procedure has not been found 
acceptable for the new combat vessels 
which will employ shafting having higher 


9 Fused metallized coating 
cracked during storage period 
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Fig. 10 Stress corrosion cracking of 
fused metallized coating 


tensile strengths. The procedure is ap- 
plicable for the protection of outboard 


shafting of the smaller auxiliary vessels 


employing shafting made of steels whose 
tensile strength is from 60 to 80,000 psi 


OTHER APPLICATIONS FOR 
FUSED METALLIZED COATINGS 


This procedure has many applications 
other than on propellers and = shafting 

The basie chrome-nickel-boron alloy, 
due to the hardness of the remelted coating 
is particularly suited for the maintenance 
Oo production tools and gages 

Recent reports received from various 
manufacturing firms have revealed some 
startling results on the savings affected 
through the salvage of worn parts by the 
use of fused metallized coatings In one 
example, mandrels we salvaged. The 
mandrels made of the best tool steels and 
chrome plated lasted only about 75 opera- 
tions Mandrels coated with a fused 
metallized hard-surface alloy, have been in 
use for more than 35,000 operations with 
no visible signs of wear 

The Bureau of Aeronautics has applied 
this procedure to increase the life of 
arrester hooks on carrier based aircraft. 
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Fig. It Modified fused metallized 
coating following salt-water immer- 
sion test 


CONCLUSIONS 


The use of fused metallized coatings for 
hard surfacing and protective overlay is 
Although the em- 
ployment of this procedure has not been 


still relatively new 


fully exploited by either industry or the 
Armed Services, new applications are 
constantly being discovered \ great 
deal of the success in the coating lies in the 
development of the optimum techniques 
ot application for each type ol base metal 
and overlay material, Knowledge of the 
capabilities of fused metallized overlays 
to effect savings in cost, time and stra- 
tegic material would be promoted by a 
more widespread exchange of information 
on this procedure 
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Selecting and Training Welding Operators for 
the Defense Program 


® Methods of training welders for manual weld- 
ing in the are, gas and inert-gas-arc processes 


by A. N. Kugler 


NCE more, our country finds itself confronted with 
the necessity for preparing its industries for defense 
production. Welding, now one of the standard 
metal fabricating methods, is of vital importance 

in the manufacture of ships, tanks, planes and the great 
variety of war materiel. The available supply of those 
skilled in the art of welding, while adequate for peace- 
time operations, falls far short of defense-production 
needs. Thus, again, it becomes necessary to increase 
the supply of welders by various training programs. 
The art and science of welding have advanced materi- 
ally in recent years. Training concepts, adequate for 
World War I, were inadequate in the second great con- 
flict and similarly now a newer approach in the fields of 
the new inert-gas welding processes is necessary. 

In order to keep this paper within bounds and avoid 
some of the complexities of the automatic processes, 
this discussion will be limited to the training of welders 
for manual welding in the metal-are and oxyacetylene 
processes and some of the newer inert-gas-are processes. 

In studying this problem of welders for defense pro- 
duction, it seems appropriate to start with an analysis 
of available welders and the regularly established means 
for training welders. In the currently available supply 
of welders, we have those who are regularly employed 
in industry in normal peacetime production. This 
group, while limited in number, and adequate for 
normal times, falls far short of those needed for ex- 
panded defense production. In addition to this basic 
supply pool of welding labor, there is another group not 
engaged in welding but who have received welding 
training during World War II. These are the people, 
from other walks of life, who for one reason or another 
were compelled to enter war production, and selected 
welding as their field. The degree of skill in this group 
is a function of their original training, their native skill 
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and the length of time they have been away from weld- 
ing operations. The training will range all the way 
from those who received complete welding courses 
down through those who trained for specialized opera- 
tions, even as limited as tack welding. 

To supplement the group of regularly employed 
welders, the only sources of supply we now have are the 
vocational schools teaching welding and those indus- 
tries which have established their own training pro- 
grams to assure a continuous supply of welders. Obvi- 
ously, new recruits from this source are extremely 
limited and could hardly fill the requirements of ex- 
panded defense production. Another significant factor 
in this phase of the problem is the great decline in the 
number of vocational schools teaching welding. 

To meet this increased demand, it will be necessary 
to expand the training facilities both within industry 
and in established vocational and trade schools. Ex- 
panding industry training programs may be somewhat 
simpler than for vocational schools because industry 
can draw upon production welders for instructors 
Further, industry, by the use of suitable training pro- 
grams, can use the trainee for limited, minor production 
welding operations. Increasing the facilities for train- 
ing may present some problems if building space is in 
short supply. In general, however, industry has better 
means of proceeding in this program than do the trade 
schools. 

The vocational and trade schools, whether operated 
with public funds or as private enterprise, are limited in 
their budgets and in their facilities. Further, they do 
not have the sources of supply for instructors. Gener- 
ally speaking, teaching in vocational schools does not 
pay as well as working as a welder in industry. There- 
fore, there is little incentive for a regularly employed 
welder to give up his job to take a teaching position. 
Recognizing these problems confronting the trade 
schools, it must be apparent that outside financial help 
is necessary if trade schools are to expand their opera- 
tions. During World War II, such help was supplied 
through the U.S. Office of Education and the various 
State educational bodies. The program included not 
only plant expansion but also provisions for instructors. 
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Another source of facility for welder training is 
schools and colleges which formerly may or may not 
have taught welding but which have shop facilities 
which may be adapted to the teaching of the welding 
art. This, again, was done in World War IT, and should 
provide a very satisfactory source of facility. Again, 
however, the problem of finances and man power is 
critical because such institutions, of themselves, are not 
able to underwrite the cost of such expansion. Outside 
help must be available from government sources to pro- 
vide the wherewithal to place these institutidns in a 
position to take their share of the teaching load 

Thus, the facilities for teaching have to be worked 
out in each area on the basis of available supply of men 
and facilities. Established schools should be utilized to 
the fullest extent as far as possible before going to the 
extreme of building new facilities. Instructors for these 
expanded courses may some times be drawn from indus- 
try on a part-time basis or from the welding-supply 
companies, also on a part-time basis. Very successful 
training courses were operated during World War IT as 
evening programs and the instructors were brought in 
from loeal industries and welding-supply companies 

There has been much diseyssion in the past as to 


what constitutes an ogre! aeagge for training the 


welders. Much of this dise¥ssion could have been 
eliminated if there had been prior agreement on certain 
fundamentals. If the objective of the program is to 
produce a fully qualified welder capable of performing 
all the operations in a given process, then obviously, the 
course should be as complete and thorough as possible 
in all aspects. Such a course would take an extended 
period of time. If it is desired to produce thoroughly 
competent welders, capable of welding with several 
processes, e.g., gas and metal-are welding, a really pro- 
tracted course is necessary, one taking several months 
to several years. Such courses are of the type com- 
monly given in peacetime in the well-equipped voca- 
tional school. Those successfully completing such 
courses, plus an adequate period of practical welding 
may be considered as all-around, fully trained welders. 

In the defense speed-up, there is neither time nor need 
for such elaborate courses. However, the fact that a 
shorter period of instruction may suffice, should not 
permit the thinking to become clouded to the extent 
that the course be shortened so much as to produce in- 
sufficiently trained welders. The defense course should 
be “tailored” to suit the needs of industry in the area. 
If possible, it should provide for a minimum of training 
which will enable the candidate to acquire sufficient 
skill to enable him to get into production as quickly as 
possible. Such minimum courses should be supple- 
mented with up-grading programs which will permit 
the beginner to expand his skill and render more valu- 
able service. Such a program has the advantage ot 
utilizing practical welding work to supplement class- 
room training. 

The objective of these courses should be to impart to 
the trainee sufficient manual dexterity to permit him to 
perform normal welding operations required. Such 
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dexterity can only be achieved through continuous prac- 
tice. Therefore, it must be obvious that the school must 
have adequate equipment and sufficient supplies in 
base metal and filler metal to permit practice 

The course should also provide the trainee with suffi- 
cient understanding of the materials and equipment 
with which he is working so that when out in the pro- 
duction line, he will be able to perform intelligently and 
Much of this knowledge 
may be imparted in the welding booth At least a 


efficiently under supervision. 


portion of it must be put across in a classroom in the 
form of lectures on related theory telated theory 
must be properly balanced to provide a well-rounded 
course. It must not become the sole purpose ol the 
Ideally, 


the lectures on related theory should be coordinated 


program, nor may it be completely ignored 


with the shop program. This may be difficult to 
achieve in a defense program, particularly if trainees 
are permitted to enter or graduate at any but regular, 
stipulated times 

Safety in the performance of welding operations is ot 
paramount importance. The fact that defense condi- 
tions necessitate a speed-up in training cannot be ac- 
cepted as an excuse for neglecting or omitting instruc- 
tions in safe practices. Therefore, one of the most im- 
portant phases of the lectures on related theory is 
safety in welding and cutting. Any course which omits 
this feature must be considered as grossly deficient 
One might even say that safety is more important under 
defense training conditions! In this connection, it 
seems appropriate to call attention to the American 
Standard, Safety in Electric and Gas Welding and Cut- 
ting Operations, A.S.A. Z49.1-1950 

While on the topic of safety, it seems appropriate to 
mention briefly the handling of, and facilities for dis- 
tributing oxygen and acetylene in welding schools 
These gases are commonly used in arc-welding courses 
as well as the gas-welding courses. Experience gained 
in World War II training activities has demonstrated 
quite conclusively that manifolding the gas supplies 
and piping them to individual student stations, will 
promote safety operations in the welding school. An 
added feature is increased economy. Such manifolding 
and piping systems must be installed in accordance with 
the principles set forth in the National Board of Fire 
Underwriters, Pamphlet No. 51, and the Safe Practices 
for Installation and Operation of Oxyacetylene Welding 
and Cutting Equipment published by the L.A.A 

Early in World War II, the American WELDING 
Sociery, through its Committee on Minimum Require- 
ments on Instructions for Welding Operators undertook 
a program, developing a series of codes covering the 
various phases of welding operations. The first code to 
appear was Part A and covered the Are Welding of 


. The second code to 


Steel in thicknesses */;,. to */, in 
appear was Part B-1, Oxyacetylene Welding of Steel 

\ireraft, and covered thicknesses up to */;¢ in. In 
preparation is a Part A-1, Are Welding of Steel Aircraft 
and Part B, Oxvacetylene Welding of Steel 


in. thicknesses. 
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These codes are primarily pointed toward the com- 
plete program of welder training in the field designated. 
As such, they are comprehensive courses which require 
an appreciable length of time to complete. However, 
these same codes may be adapted for the short-time, 
intensive, defense training program by selecting appro- 
priate sections. It is a serious mistake to apply any 
given code in toto to a specialized training program. In 
short, intelligent selection is needed to apply these 
codes for specialized purposes. 

These codes comprehend two phases of the welding 
program, namely, the basic practical welding exercises 
and the related theory. In the case of the exercises, 
frequent use is made of check tests to determine a 
trainee’s progress. By utilizing check tests instead of 
time limits on a given exercise, a more proficient 
trainee is not held back, while the slower-to-learn is 
given the time to acquire the necessary skill. 

At this point, it seems appropriate to point out that 
an adequate course in welding--either comprehensive 
or short-time—requires that a group of exercises be 
organized to carry the trainee from his starting level of 
skill up to the desired advanced stage. One thing 
which must be avoided is the mere welding of “test 
plates” or concentration on qualification tests. Un- 
fortunately, during World War II training, such abuses 
were practiced by some schools which guaranteed a 
prospect “to pass the test after taking the course.” 
Obviously, one trained under such a system has little 
knowledge and background of real welding techniques. 
Adherence to the A.W.S. Codes of Minimum Require- 
ments will go a long way toward elimination of such 
poor practices. 

A little earlier in this paper, the available supply 
sources of those with some welding experience were 
enumerated. The specific program of welding training 
must be organized to handle trainees in these several 
groups and in terms of processes needed. 

The novice with no previous experience of welding 
obviously requires more fundamental training and more 
extended training than those with previous experience. 
This must include instruction and lectures on the re- 
lated theory in connection with the fundamentals of the 
process. It is at the novice stage that the safety lessons 
must be strongly emphasized. In normal peacetime 
welding, novice training is merely preliminary to the 
larger welding training programs. In an accelerated 
defense course, it is some times possible to bring the 
novice up to such a degree of skill as will permit him to 
simple tack-welding Such a 
trainee is then permitted to work as a tack welder in 
production and secures additional training through the 
medium of an up-grading course. He has the advan- 
tage, however, in his normal workday of observing regu- 
lar production operations. This 
permits of more rapid advancement in a trainee’s skill 

For those “alumni” of World War IL training pro- 
grams, who received the limited instruction, it will be 


perform operations. 


feature sometimes 


necessary to provide substantially the same type o! 


training as enumerated above for the novice. Since 
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their training was inadequate, it would be unsafe to 
permit them to advance with more involved welding 
operations. Somewhat related to these, are those 
operators who received training in a limited field, e.g., 
metal-are welding with £6020 electrodes in a horizontal 
position. Such candidates would have at least the 
rudiments of the welding operation and would, there- 
fore, be suitable material for enrollment in the up-grad- 
ing courses. However, before entry in such an up- 
grading course, candidates in either category should be 
afvorded a refresher course which would terminate in a 
suitable test to determine their knowledge and_ skill 
with welding operations in so far as they profess to know 
them. 

The final stage in the welder training program is that 
of teaching to acknowledgedly competent welders a new 
process, e.g., inert-gas tungsten-are welding or inert-gas 
metal-are welding with consumable electrodes. This, 
in reality, is the simplest of the teaching operations and 
probably the shortest type of course to offer. The 
trainees, by previous experience, have acquired a back- 
ground of skill; hence all that is necessary is to impart 
to them specialized techniques, peculiar to the proc- 
esses. This, of course, will include such special safety 
precautions as may be peculiar to the new operations 
Such training in new processes is probably best accom- 
plished within industry since facilities for these newer 


How- 


ever, there are a few schools successfully teaching the 


techniques are not readily available to schools. 


new processes, preceded of course, by basic training in 
are welding where this is necessary. 

Generally speaking, in defense training programs, it 
is the practice to employ the standard qualification test 
established for the type of work involved, as a final test. 
Thus, the trainee working toward employment in a 
shipyard would take a Navy or Maritime Commission 
qualification test; one looking forward to work in a 
tank factory would take the Army Ordnance qualifica- 
tion test. These tests, while identical with those admin- 
istered under government contracts, are not generally 
acceptable as qualification for work on contract jobs 
The reasoning behind this is simply that a trainee work- 
ing in a school is welding on relatively small pieces in 
which conditions of restraint, ete., are not encountered. 
It is, therefore, important that a trainee, after complet- 
ing his course of instruction, put in a period of work as 
an apprentice or tack welder under production condi- 
tions before he takes an official qualification test. 

The training of welders is an important phase of our 
defense program. It presents many problems, some 
of which are new and peculiar to the present conditions 
and others which are substantially the same as those 
encountered in World War I. 
with these problems, there is a large amount of data 
available from the AMertIcAN WELDING Sociery and 
from the publications of the Committee on Minimum 


For industry confronted 


Requirements for the Training of Welding Operators. 
Of equal importance, obviously not covered here, is the 
problem of training and education of the welding inspec- 
tor. This is something for future study and action 
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by Carl H. Turnquist 


INTRODUCTION 


The training of welding operators is an exceptionally important 
element of the welding industry 

As a result of demand, the public school systems of the nation 
have established or are establishing welding training programs 
for our youth and for our adults 

This paper is intended to serve as a guide for those who must 
design and prepare the specifications for such welding shops 

The paper 1s limited to the construction of the shop facilities 
only. Such important phases as equipment and supplies must, of 


necessity, be reserved for some other presentation 


TELDING has become an important part of prac- 
tically all industrial, vocational and technical 


situations 
But it is not only because welding is an asset, that 
all mechanically minded youth should understand it and 
have abilities to use it; it is also an important educa- 
tional tool. 
We, who have taught welding, find that, except for 
those who are physically handicapped, the learning of 
Weld- 


ing can be advantageously used to encourage the study of 


welding can be a stimulation to the individual 


English, Mathematics, Physics, Chemistry and Draw- 
ing 

Welding is an important educational device, to teach 
youngsters a new skill and to use it as a learning 
stimulus 

The largest welding problem in the public schools is 
the cost, both original, replacement and operational 
However the original and replacement costs very favor- 
ably compare with and are usually less than the cost of 
school shops equipped with power tools. The opera- 
tional cost exceeds practically that of all other school 
shops 

Regardless of the slight increase in operating cost 
over the other types of school shops, I sincerely believe 


welding, both gas and arc, should be taught to our stu- 
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entative Standards for School Welding Shops 


» A guide to shop facilities for public school systems 
that have or are establishing welding training programs 


dents both on an exploratory level and as a major study 

It is necessary that the welding shop be designed as 
intelligently as possible to avoid inefficiencies that 
would otherwise deter good instruction for the life of the 
facility. 

For the past three years the Detroit Section of the 
(AMERICAN WELDING Soctery sponsored an Educational 
Committee. This Committee has developed welding 
instruction shop layouts in addition to developing many 
other phases of secondary-level welding education 

It is my privilege to acquaint you with some of the 
proposed shop layout standards as they were established 


by this Committee. 


TYPES OF SCHOOL WELDING SHOPS 


There are several possible types of school welding 
shops. They are: 

1. The single or double station in a general metal 

shop. 

2. The combination gas welding and are welding 

shop 

3. The separate gas welding shop and the separate arc 

welding shop. 

In all of the tentative shop designs, safety was the 
most important factor considered. 

It is obvious that all of these types of programs pre- 
sent many unusual problems and considerable thought 
must be expended on the shop layout to expedite good 
educational practices. The general metal shop with 
one or two welding stations is used in small communities 
or where the school wishes to experiment with a welding 
training program. The one-room welding shop gives 
great flexibility of instruction and is used when the stu- 
dent load shows the need for only one instructor 

The two-room welding training facility has many 
advantages. It simplifies the ventilation problem in 
each shop; it enables the instructor to be more effi- 
cient: it enables him to better arrange his materials, 
tools and equipment; and it permits more thorough and 
detailed instruction when all the students are concen- 
trating on one plen of welding instruction. This two- 
shop arrangement is practical only when there are at 
least two instructors and sufficient students to keep both 
shops running simultaneously 
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The larger welding shops are planned to provide 
facilities for training approximately 25 students each. 
It is understood that practically the same facilities are 
needed whether the student spends 5, 7'/», 15 or 30 hr. 
per week in the shop. It is also true that the total 
length of the course, whether it be 75, 300 or 600 hr., 
necessitates no great change in the shop layout. 

The shop layouts are based only on those funda- 
mental training units believed necessary for all types of 
training. More shop training time, however, will en- 
able the instructor to teach more operations pertaining 
to each basic unit. An example of this practice is the 
gas-welded butt joint. The basic unit would have this 
title whereas additional time would provide for addi- 
tional units of butt joint instruction in different posi- 
tions, different thicknesses of metal, and different kinds 
of metal. 

It should not be assumed that any particular school 
situation will be able to follow completely and in detail 
the recommendations in this publication; rather it is to 
be expected that each locality will use these recommen- 
dations as a guide in solving its own local problem. 

The school welding shop designs suggested in the 
following paragraphs are an attempt to make the shops 
as safe and usable as possible at a minimum cost. Be- 
cause so many of the school shop features are similar, 
each item needing special attention is discussed simul- 
taneously for each type of shop. 


SHOP AREA 


The general school shop with one or more welding 
stations should provide a space of at least 4 x 4 ft. for the 
gas station and 5x 5 ft. for the are station. 

The one-room welding shop should be in a separate 
building, if possible. This building should be on a 
parcel of land which permits the shop to be approxi- 
mately 50 ft. from the main building. The building 
should have a floor space of approximately 2800 to 4000 
sq. ft. The larger area is recommended to permit less 
crowding of equipment. These areas permit a floor 
space of 40 x 50 ft. up to 50 x 80 ft. The person re- 
sponsible for the design must remember to allow for 
expansion of facilities, and also that crowding promotes 
accidents. 

If it is impractical to use a separate building, local fire 
regulations must be carefully followed concerning the 
use of attached rooms for welding shops in which explo- 
sive gases under pressure are stored and where open 
flames are used. 

The combination shop should use two areas each of 
2800 to 4000 sq. ft. floor space. Otherwise the above 
instructions would apply. 


BUILDING 


When adding one or two welding stations to a general 
metal shop, the shop must be carefully surveyed to as- 
certain whether or not it conforms to welding safety 
regulations. 
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It cannot be overemphasized that careful planning of 
the building or room will eliminate years of teaching 
under severe handicaps. Original installations are 
usually much less expensive and much more satisfactory 
than alterations. 


FLOOR 


The floor in all the plans should be made of two- 
course concrete with an air entraining additive. It is 
suggested that a light-colored cement and light-colored 
It is important to secure a guarantee 
against “dusting” (obtained by correctly mixing and 


sand be used. 


curing the cement). 

The floor must be strong enough to carry 200 Ib. per 
square foot as a minimum. 

Provisions should be made in the floor for ventilation, 
heating, plumbing and the electrical conduits. 

All of the welding area should be on one general level, 
and it should be provided with floor drains to facilitate 
washing the room. Caution: Wet are-booth floors 
may be dangerous. Mopping only has generally been 
found to be unsatisfactory in a welding shop. 


DOORS AND DOORWAYS 


In the event that any of the shops adjoin the main 
school building, any doorway connecting between the 
two should be fitted with a self-closing fire door. 

The shops should be equipped with two exits located 
at opposite ends of the shop if possible. The doors 
leading to the gas storerooms must also be of fireproof 
design. 


WINDOWS 


The windows should be of the steel-sash glazed type 
with wire reinforced glass. Glass bricks may be used, 
but for not over 75% of the window area. 


WELDING-GAS STORAGE 


The provisions used to store the oxygen, acetylene, 
hydrogen and inert gases must conform stringently 
with the local building and safety codes. These 
cylinders should be stored in fireproof individual rooms 
To enable easy handling of the cylinders, the storeroom 
floor should be on the same level as the shop. 

A loading and unloading facility must be provided to 
permit the shipping and receiving of these cylinders 
without difficulty. 

As a safety precaution, neither the welding shops nor 
the storage rooms should have classrooms located 
above them. It is also important to have all these 
facilities at ground level to prevent accumulations of 
escaping gas. It is best to eliminate any basement or 
sunken cavity in which gases may collect. 

Skylights are not recommended. Windows of the 
fixed tvpe are preferred, provided adequate mechanical 
ventilation is used. 
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The east, south and west exposures of the shops are 
best fitted with heat-reflecting (green-blue) double- 
glazed glass. All the windows should extend from 
upproximately four feet above the floor as far up as 
Where are 


booths are to be placed against the wall, the window 


possible for maximum natural lighting 


should not be built below the top of the are booth 


AISLES 


The aisles between the work stations should be 4 ft 
wide for safe personnel traffic. The 4-ft. aisles permit 
students to maneuver weldments and equipment with- 


out danger of injury. 


ELECTRICAL OUTLETS 
Klectrical outlets should provide power for the are 
portable grinder, welders, spot welder and stationary 
grinder, and there should also be several excess outlets 
Electrical outlets should be provided at approx- 
imately 9-ft. intervals around the room with two each on 
any posts or supporting columns in the room. The 
attachment plugs should provide for a ground connec- 
The outlets 
should be amply wired for and wired to double-plug out- 


tion for all portable lights and equipment 


lets. Polarized outlets are recommended to guarantee 
a ground connection. 

The electrical area in these shops should have outlets 
for 220-v. three-phase alternating current and for 110 
220 v., single-phase alternating current. The 3-phase 
outlets should be wired to provide at least 75 amp. per 
outlet, and should be protected with circuit breakers. 
These latter outlets are to be located at the arc-welding 
machine positions. The are-welding machines should 
be located as close together as possible to reduce elec- 
trical installation costs. The 3-phase wiring should be 
standardized for direction of rotation 

All the 110-v. outlets should be not less than 4 ft 
above the floor. These outlets should be wired for 
110-v., 60-cycle, alternating-current, single-phase cir- 
It is considered good practice not to exceed four 
All those outlets 
should be polarized to guarantee a positive ground 


cuits. 
outlets per fuse or circuit. breaker. 


One of these outlets should be provided for the spot 


welder. Three-phase, 220-v. current should also be 
wired into the welding shops for the air compressor, 
ventilating fans, power shears, grinders, motorized 
cutting equipment and any other equipment which re- 


quires motors that develop over '/2 hp 


VENTILATION (STATION) 

An jinder-floor system of ventilation should be pro- 
vided to carry away the fumes from the welding sta- 
tions. The underground system is then connected to 
openings in the floor to which are connected fixed 
duct openings and also flexible conduits for the removal 
of localized fumes 
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A forced convection fan of ample capacity should be 
provided to produce a reduced pressure in the under- 
ground duct at all times. The fan should have an auto- 
matic control with a visual indicator. The under-floor 
duct should not be less than 8 in. I.D. for each station 
Those exhaust systems should remove 100 cfm. for each 
gas station and up to 1000 cfm. for each are station 

The ducts should have clean-out facilities and traps 
to catch metal particles 

For buildings being converted and for those situa- 
tions where underground vents are impractical, an over- 
head exhaust may be used. The main stack should ex- 
tend above the highest roof point and those parts near 
the welding stations should be insulated (asbestos) to 
prevent holes being burned in them. Individual ex- 


haust fans may be used in the smaller installations 


VENTILATION (ROOM) 


Ventilation of the welding shop should be provided by 
using forced convection of fresh air to replace the ex- 
haust-system air removal. The fan and motor capacity 
should be sufficient to provide a complete change of air 
each 10 min. minimum. The fresh air should equal the 
exhaust capacity. The ventilation for these rooms 
should be c»mpletely separate from the ventilation 
system of the others parts of the building unless self- 
closing louvers are used to prevent the backing of 
welding-shop air into the main vent ducts. 

The American Society of Heating and Ventilating 
Engineers’ recommendations should be followed. It is 
exceedingly important to provide adequate ventilation 
without causing objectionable drafts. Research has 
indicated that ozone generators do not take the place of 
adequate ventilation 


LIGHTING 


The direct lighting system should prov ide for a min- 
imum illumination of 30 foot-candles at 30 in. above the 
floor level for all three types. The hot-cathode-type 
lighting is preferred. It is recommended that smaller 
light sources of greater distribution (greater number) be 
used (approximately 100 watts for each welding sta- 
tion). Fluorescent lighting is acceptable. If incan- 
descent bulbs are used, a diffusing glass globe is recom- 
mended, and the bulbs should be shielded with recom- 
mended local-electrical-code safety shields 

The lights should be 8 ft. or more above the floor, 
with special provisions provided for lighting around 
benches, shears, spot welders, grinders, ete. Spotlights 
may be used to light the individual welding station to 
provide enough illumination to eliminate lifting the 


goggles for weld setups 


WATER 
Sufficient water should be piped to all of the three 


shops to provide metal-cooling facilities, resistance- 
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welder-cooling facilities and student washing facil- 
ities. The student washstands require both hot and 
cold water. The piping should be under the floor, if 
possible, but it may be run along a wall at least 12 ft. 
overhead if the under-floor piping is not permitted or is 
impractical. A drinking fountain should be provided 
within the shop. This drinking fountain can be located 
near the quenching basin. If hard water is used, it 
must be treated to prevent precipitation in the re- 
sistance-welder water passages. 


SEWERS 


A sewer system must be provided for the quenching 
. . | 
basin, the student washing facilities, the spot welder, 


the drinking fountain, and for the floor drains. A trap 
should be installed in the sewer to capture the iron 
oxides (scale). This trap should be readily accessible. 


ARTIFICIAL OR NATURAL GAS 


If heating gas is available, all of the welding shops 
should be provided with this utility in ample capacity. 
The use of gas as a heating fuel simplifies the heating 
problem to the extent of eliminating storage facilities for 
cylinder stored fuel. Also natural or artificial gas may 
be used for heating soldering coppers, for torch solder- 
ing, for pilot lights, and for preheating metal structures. 
All the gas facilities must conform to the local code. 


HEATING AND COOLING 


Hot-water radiant heating in the floor slab is recom- 
mended for approximately 40° of the heating load. 

Forced convection steam or hot-water heaters sus- 
pended from the ceiling may be used for 80°; of the heat 
load. However, ceiling radiation panels are recom- 
mended for the heat load (80°7). 

The heat blast should be spread uniformly. Cooling 
may be obtained by using a flat roof with a water layer 
and by using the space-heater blowers. The tempering 
coils of the fresh-air inlet should have sufficient capac- 
ity to heat the make-up air to room temperature. 


ALLOCATION OF WORKING SPACE 


The space in the one-room welding shop should be 
well balanced to provide a good training program for the 
student. 


The space divisions suggested are as follows: 


2400-8q.-ft. 
Name Per cent shop 
Gas welding area 
Are welding area 
Resistance welding area 
Power tool area 
Lecture space 
Tool crib 
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To economize on floor space a balcony above the tool 
crib is used for lockers and wash basins if the shop has at 
least a 14-ft. high ceiling. 

The location of these areas depends to a great extent 
on the linear dimensions of the shop. However, the 
electrical power devices should be adjacent to each 
other; the tool crib should be as centrally located as 
possible, and the complete shop must be arranged to 
permit constant visual inspection from practically any 
point in the shop. — It is also economical to locate all the 
plumbing in one general area. 


CLOCKS AND BELLS 


A clearly visible electrically operated clock of size 
sufficient to be easily read from all parts of the shop 
should be installed. 

An electrically operated bell, controlled from the tool 
crib, should be installed to provide means for giving the 
clean-up signal. 

Means should also be provided for installing a regular 
school change-of-classes bell and public-address- 
system speaker. 


COMPRESSED AIR AND COMPRESSED- 
AIR OUTLETS 


All of the shops should be provided with compressed 
air outlets at 60-150 psi. pressure. The quantity should 
be ample to operate spot welders, air hammers, air 
grinders, ete. It should be located as far above the 
floor as possible to provide more space and help keep the 
shop clean. The air lines should be adequately sloped 
and provided with draining facilities. An air outlet 
should be provided near the preheater to enable the use 
of forced air and gas flames. 


TOOL CRIB 


The tool crib should be arranged along a wall that 
does not have windows. The crib should be rectangular 
in shape, not less than 8 ft. wide and 12 ft. to 16 ft. long 
The construction should be of steel and wire mesh. 
The open side should be enclosed with counter-height 
shelving. Metal screening should completely enclose 
the remainder of the tool crib. 
with a substantial ceiling structure, storage facilities or 


If the crib is provided 


locker facilities may be provided on the tool-crib roof. 
In order to save as much floor space as possible, some 
communities may wish to use the space over the tool 
crib for student lockers. A grating should be installed 
in the window (have spacing only large enough for a 
shield). The tool-crib entrance door should be beside 
A work 
bench station with air and electrical outlets should be 
provided to enable the tool-room boy to maintain tools 
The tool crib must be well lighted (30-foot-candles at 
the tool boards, ete.). Adequate well-labeled shelving 
sturdily built for storing metal, gas filler rod, electrodes 


or as close to the tool window as possible. 


and flux is recommended. 
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INTERIOR TRIM 


The interior walls should be of glazed light-colored 
brick with black mortar or some other smooth ceramic 
surface for a height of not less than 8 ft. The remainder 
of the structure should be of fire-resistant materials 

The shop and lecture area should have glass-enclosed 
display shelves and display boards. Corridor display 
cases should be installed and they should be accessible 
from the shop only. 

Lockers should be provided for the storage of stu- 
dents’ clothes. These lockers are best located in a 
locker room that has toilet and shower facilities 

Wash basins should be provided for student use 
These wash basins should be located near the lecture 
area. The wash basins should have automatic water- 
shut-off valves (foot operated) 

The lecture and planning space should be separated 
from the shop by a dustproof (sealed) double-glass par- 
tition to keep as much welding dust and noise out of the 
lecture and planning area as possible. The glass parti- 
tion will permit better supervision of the facilities 


MANIFOLDS 


it is generally believed that it is more economical to 
use gas manifolds than to use individual cylinders for 
the gas stations. The manifolds save space, they re- 
duce demurrage, and they are considered safer. One 
disadvantage of manifolds is the loss of the opportunity 
to train students in the use of complete stations with 
cylinders. This handicap can be eliminated by using 
one complete portable station and rotating all the stu- 
dents on this station. 

It is preferred that the manifolds be of sufficient capa- 
city and that they be constructed in compliance with 
the recommendations of the AMERICAN WELDING 
Society, the International Acetylene Association and 
the local building code. 


QUENCHING BASIN 


All of the welding-room layouts need to be equipped 
with a sturdily built quenching basin. This basin 
should have a scale trap that may be easily cleaned and 
with a wire basket to enable the easy removal of metal 
inadvertently left in the basin. It should have running 
water with an overflow provision. The drain from the 
spot welder could be piped to this basin. 


PILOT LIGHTS 


The most popular method of lighting gas torches is 
the spark lighter, that is, it is the most popular in in- 
dustry and most schools will probably choose to emulate 
industrial practice. However, a safe economical method 
to light-gas station torches is to use a pilot light system. 
This system, with the natural or artificial gas flames 
mounted overhead makes the student ignite the torch 
high over the head level of the room. One American 
Gas Association approved lighter may be used for each 


two stations. 
ARC WELDING BOOTH 


The are booths may be made of several materials. 
Steel partitions with a door hung on spring hinges is 
good practice. Steel booths with a wool-duck front 
curtain is used frequently. Booths made of a pressed 
svnthetic board (Transite, etc.) with a self-closing door 
are probably the best. The material is self-insulating 
and is structurally strong. The arc-welding machines 
may be located inside the booth, just outside the booth 
or racked in a row opposite the aisle from the booths 
These locations are listed in their order of preference. 
The interior of the booth should have an ultraviolet ray 
absorbent surface (special blue has been found satis- 
factory Use air filters located on the machine when it 
is installed in the booth. 


SUMMARY 


There are many special features concerning a school 
welding shop that make it necessary to do some very 
thoughtful planning. If the shops are carefully de- 
signed, they will operate more efficiently and they will 
be much safer. The recommendations in this report 
are intended to serve as reminders to the planners of 
these shops and are not to be construed as require- 
ments. A well-designed school welding shop can be ob- 
tained only when representatives from the welding in- 
dustry, the architects, the school administrators and the 
welding teachers cooperate in its planning. 
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PRACTICAL WELDER AND 


How to Do Hard Facing 


by P. C. Peck 


ARD facing is slightly different from oxyacetylene 

fusion welding. First of all, in hard facing, the 

rod is not mixed with the base metal. It bonds 

with the surface only and becomes the new 
surface. This means that you melt only the surface 
of the base metal. Then the hard-facing rod is melted 
and spread, not mixed, over the surface. 

This article tells how to hard face a corn planter 
shoe (see Fig. 1). However, you can follow the same 
instructions for hard facing runners, bucket teeth, road 
scraper blades, shafts, shear blades and hundreds of 
other parts that wear out rapidly in normal use. 


GETTING READY 


The first step is to clean thoroughly the area of the 
corn planter show that will be hard faced. Use a power 


grinder and remove all dirt, rust and scale from along 
the cutting edge and about 1 in. back from the edge. 
Then select a good hard-facing rod, such as Haynes 
93 alloy. Your distributor carries it along with several 
other rods which will do a good job. 


PREHEAT CAREFULLY 


After the part is cleaned, set it up in a vise or on a 
bench. Then attach a medium-size welding tip to the 
blow pipe and adjust it for a 3X acetylene flame, so 
the excess acetylene feather is three times as long as 
the inner cone. Begin heating the part slowly. Hold 
the blowpipe so that the flame makes an angle of 30 
to 60 degrees with the side to be surfaced. Move the 
flame along the shoe until the metal appears to sweat 
or glisten. Keep the flame about */, in. in from the 
edge. The edge will get enough heat even though the 
flame does not contact it directly. 


BEGIN HARD FACING 


When the metal starts to sweat, bring the rod into 
the flame. Be sure that the base metal is not melted. 
Figure 2 shows how to produce 
“sweating.”” The metal under the 
flame becomes watery only, and is 
not melted. 


P. C. Peck, The Linde Air Products Co., a Division 


of Union Carbide and Carbon Corp., New Orleans A é 
La Fig. 2 
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Fig. 1 (Top) Corn 
planter shoe be- 
Sore hard facing. 
(Bottom) Cutting 
edge of corn plan- 
ter shoe after de- 
positing rod 


When a puddle forms, it will flow down to the cutting 
edge of the shoe. As soon as the puddle starts to flow, 
lift the rod away, and direct the flame into the puddle. 
The puddle will spread over the edge. As the puddle 
spreads, bring the end of the rod into the flame again, 
and touch it to the front edge of the puddle. More 
rod will melt into the spreading puddle. 


BUILD UP THE EDGE 


Apply a smooth, thin deposit along the edge about 
' 4, in. thick. Move the rod forward in small circles. 
Keep it at the front edge of the puddie. Melt it a 
little at a time, and spread the puddle. Continue add- 
ing the rod and spreading the puddle until the entire 
surface is covered. 
- Try to build up the '  j»-in. layer of rod in one oper- 
ation, as shown in Fig. 3. You can move the flame back 
to fill in low spots, or smooth out high spots behind 
the puddle, but do this quickly. Be sure that the front 
edge of the puddle does not harden. And be sure that 
you melt only the top surface of the hard-facing de- 

EXCESS ACETYLENE FEATHER. 


OUTER ENVELOPE FLAME. 
SWEATING” SURFACE. 


Here is how to hold the blowpipe to produce sweating 
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Try to fin- 
ish the hard fac- 
ing in one opera- 
tion. illow to 
cool slowly 


posit. Do not melt it down to the base metal 


When the entire edge is covered, remove the flame 
Then check the deposit. If there are any cracks or 
small holes in the hard-facing material, heat the metal 
around the crack or hole until it becomes dull red 
Then caréfully play the flame into the hole and float out 
any specks of dirt that might be there. Let the hole 
close in, and add rod if necessary 


COOL THE PART SLOWLY 


\fter you finish the job, let the shoe cool in air lf 
the deposit is fairly smooth and even, the shoe can be 
used without any finishing. If it is rough or has high 
spots, grind them down so you have a smooth, even de- 


posit 


THINGS TO REMEMBER 


1. Be sure the surface to be hard faced is thoroughly 
clean 

2. Use an excess acetylene flame. 

3. Heat the base metal only until it sweats. Do 
not melt it. 

1. Hold the blowpipe so that the tip of the inner 
cone of the flame is about '/s in. from the surface of the 
base metal, with the rod almost touching the tip 

5. Spread the puddle with the flame, not with the 
rod 

6. Try to build up the deposit in one operation. 


7 ~ Allow the part to cool slowly, away from drafts 


Plate-Kdge Preparation Unit 


RIMMING the edges of this 12-ft 
diameter tank head was accomplished 


with an Oxweld CM-37 plate-edge prep- 


aration unit with three adjustable nozzles a 
These dished heads are ol cin steel and 
will become part of a tank car at the 
Sharon, Pa., plant of General-American 
Transportation Corp. The adjustable 
nozzle block is mounted adjacent to the 


tool support member of a large stationary ~ 
boring mill. The horizontal arm is 


counterweighted to float back and forth 
to follow the contour of the head which is 
mounted on a turntable. The air-cooled 
riding wheel presses against the edge of the 
head and keeps the nozzles in correct posi- 
tion to the metal being cut. The com- 
bination of nozzles permits these heads to 
be simultaneously finished with a bevel 
and nose in one revolution of the turn- 
table. Cutting speed is about 14 in, per 


minute 
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ints for Silver-Brazing of Stainless Steel 


by J. P. Emmerich 


TAINLESS steel is used today for vats, tanks and 
kettles in the canning or processing of food; on 
; \ automobiles; on dairy equipment; and for much 

household equipment, including kitchen pans and 
utensils. Like other equipment, stainless steel parts 
must be repaired from time to time and it can be 
profitable business for the shop that is prepared to do 
the repair work. Shops also can make to order special 
equipment needed by farmers, milk companies and 
food processing companies. 


Select the Proper Rod 


Silver-brazing is an excellent way to repair or fabri- 
cate stainless steel equipment. By following some 
basic principles and with a few hours’ practice, an 
operator can obtain silver-brazed joints that are strong 
and corrosion-resistant. 

In repairing or fabricating stainless steel it is im- 
portant to select the proper type of silver-brazing alloy 
because these alloys have different flow temperatures. 
An alloy must be used that will flow below the scaling 


J. P. Emmerich is connected with Linde Air Products Co., a Division of 
Union Carbide and Carbon Corp. Newark N. J. 


50 Practical Welder and Designer 


temperature of the stainless steel. Table 1 indicates the 
groups of stainless steels and their scaling temperatures. 
Table 2 contains information on silver-brazing alloys 
their composition and flow temperatures. By checking 
both tables the correct alloy can be selected. 
times, when a part is to be repaired, the type of stainless 
steel may not be known. However, usually a satis- 
factory job can be done with an alloy that flows at 
1145 or 1175° F. 


Some- 


.250 2. | 


— Type 304 


-258 D. 


Y Y Type 303 
2. 


Fig. 1 The parts are prepared so that there is 0.003-in. 
clearance between the tube and the socket 
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Some Important Hints 


In silver-brazing stainless steel, the first point is joint 


0.003 to 0.004 in 


clearance. Proper joint clearance 


Fig. 2) Emery cloth is used to abrasion-clean the surfaces 


of both parts immediately before fluxing and silver-brazing 


Flux is applied generously to all surfaces to be 
It is also applied to adjacent surfaces to 


The flux should be a 


Fig. 4 

silver-brazed. 

prevent oxidation around the joint. 
paste 


Fig. 6 When the parts turn a dull red, touch the rod to 
the joint every few seconds. The alloy will flow as soon as 
the proper heat is reached 
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on one side or 0.006 to 0.008 in. on a diameter-—must 


be maintained on all types of joints. If clearance is too 


small the silver alloy will not flow completely into the 


joint If the clearance is too great, too much silver 


Fig. 3 Parts are placed in a suitable penetrating cleaner 
to remove the last traces of oil, grease or other materials 
which may still be on the surfaces 


Fig. 5 With an excess acetylene flame start to heat the 
parts. Hold the tip of the flame I to 1‘. in. away. Gradu- 
ally move toward the parts until the flame is about */s in. 
away 


Draw back the flame slowly to maintain uniform 
illow the parts to cool in the air and then 
This will remove any remaining flux 


Fig. 7 
heating. 
quench in water. 
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alloy will flow into the joint and it will be weak. 

The second important point to remember is the 
method of heating the part. A3Xor4Xexcess acetylene 
flame is best. This means that the acetylene feather 
should be three or four times the length of the inner 
cone. 


d. 


8 


Fig. 8 In making a butt joint, clearance is again im- 
portant. On this part a recess was made in one face and 
a lug on the other face to get proper line-up 


Fig. 10 This picture shows the butt joint before brazing 
and after the brazed part had been bent in a vise. Scale 
and flux have been removed 


Fig. 9 When you start to heat hold the flame i to I’ , 
away. Then move up to .in., apply the silver alloy oud 
back away gradually 


Table | 


Group A Group B Group C 
Grain structure —> Martensity Ferrite Luslenitre 
Composition —> Straight chromium Straight Chromium 
chromium and nickel 
Heat treating —> Hardenable Nonharden- Nonharden- 

able able 

Sealing Sealing 

temp., temp 


1600 
bewe : Fig. 11 For lap joints, the facing sides oud the edges 
1300-30! : should be cleaned with emery cloth, dipped into the 
Corrosion ‘ 1600 30% cleaner and painted with flux 
resistance 1900 : 
impaired 


when heated 


to over 
440-F 7 700°F 


In Group A, types 408, 410, 414 and 416 can be silver-brazed, 
but since the sealing temperature is extremely low, only the low- 
est flow point silver alloy can be used. The silver alloy flow 
temperature should not exceed 1175° F. for good results. In 
order to silver-braze these types after hardening, it is necessary 
to silver-braze under 1200° F., otherwise the heat of silver-brazing 
will anneal the section heated. Types 420, 420-F, 440-A, 440-B, 
440-C and 440-F are only used in the hardened state and since 
any reheating over 700° F. detracts from their corrosive resist- 
ance they are not normally silver-brazed 

Group B stainless steels are well suited for silver-brazing. 
However, extreme care must be exercised in heating types 406, 
130 and 430-F because of their low scaling temperature. It is 
best to use a low melting point silver alloy that flows below 1175° 
Fk. Types 320, 443 and 446 have higher scaling temperatures 
and a larg v choice ot silver-br: azing allovs is available. Silver 
alloys with : ® flow temperature ef 1145 or L175° F. or a silver alloy 
containing 2 or 3°, nickel, flow temperature 1275° F., may be 
used with good results 

Group C, the 18-8 group, since they have relatively high sealing Fig. 12) Top and bottom sheets must be heated to get a 
temperatures, can be silver-brazed with any of the listed silver- uniform heat. Touch the heated area often with the 
brazing alloys with good results. silver alloy. It will flow at the right temperature 
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Table 2—Silver-Brazing Alloys 


Composition Flow Recommended use 
Cad Point see Table | 
Coppe Zine mium I Co group listings 
“O* 15.5 15.5 16 1270 Yellow « 
w 15.5 16 is 117 Yellow o 
17 20 17 1 1240 Yellow o 
1 1 16 24 114 Yellow ‘ol 
3 26 21 Is 1205 Yellow oup 
27 21 1300 Yellow oup ¢ 
group B 


The third important point is the proper sequence of 
operation. The following steps must be followed for 


silver-brazing stainless steel parts of any type: 


1. Remove excess grease, oil or dirt from the part. 


2. Degrease and abrasion-clean the part immedi- 
ately before fluxing and silver-brazing 

3. Place the part in a penetrating cleaner to remove 
all traces of oil and grease. 

$. Apply flux generously 

5. Heat with an excess acetylene flame 

6. Apply silver alloy to the joint 

7. Saturate the joint with heat without increasing 
the temperature of the part 

8. Cool the part in air until the silver alloy has 
solidified, then quench in wate1 

9. Remove the seale ind any remaining flux 


The pictures and sketches show three typical joints 


and how they were made. 


Four at One Blow 


NE of the most specialized welding machines ever 
devised has rece ntly been installed at {van Aero- 
nautical Co. for use in production of jet engine com- 
ponents. Designed by the Thomson Welding 

Machine Co., this new metal “stitcher” is tailored to 
perform a unique operation on a single type of Ryan jet 
component. It makes four simultaneous spot welds 

Described as a “‘post spot-tacking machine,”’ this 
unusual tool serves as both an assembly and fabrication 
machine in the manufacture of inner combustion cham- 
bers for the General Electric J-47 jet engine. It 
quickly aligns the three major parts of the combustion 
chamber and spot tacks them together prior to seam 
welding 

Most striking feature of the machine is a brass and 
copper tool, or arbor, which serves double duty as an 
alignment tool and a central electrode. At the top and 
bottom of the arbor there are expanding sections con- 
sisting of four pie-shaped segments. The movement 
of a tapered pin, actuated by an air cylinder, expands 
these segments into the assembly. Four horizontal 
electrodes move simultaneously against the expanded 
sections to discharge their welding current 

In operation, the combustion chamber shell, exit 
shell and cap are placed on the arbor. With a touch of 
a foot switch. the expanding sections move outward, 
‘bringing the assembly into exact alignment and concen- 
tricity. Another foot control causes the electrodes to 
move in and fire, making fout spot tacks at each im- 
pulse. The assembly is rotated, automatically, so 
that a total of 32 spot tacks can be accomplished in 
eight swift rotations. 

The new machine saves time and effort and elimi- 
nates the need for an extra employee. Previously, the 
assembly of this structure required two employees: 
one to assemble the parts in a jig and another to hold 
this unwieldy jig in a spot welding machine while single 


spot welds were made. Because of the necessary weight 
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of the jig, this operation was fatigue-producing. Then 
the assembly had to be removed from the jig 

The Thomson post spot-tacker eliminates this han- 
dling and effort by aligning the parts, spot tacking them 
and releasing them in one setup which is relatively 
effortless. One machine operator can assemble the 
combustion chambers five times as fast as two em- 
plovees could formerly accomplish the work. Because 
of the satisfactory performance of the new equipment 
and the increasing orders of G-E combustion chambers, 
Ryan is acquiring another machine of this unusual 
design 

Photo and data, courtesy the Ryan Aeronautical Co., 
San Diego, Calif 


and Desiqner 
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activities 


related events 


Final 1950-51 Board of Directors 
Meeting 


The final (sixth) meeting of the Board of 
Directors of the AmericaAN WELDING So- 
crery 1950-51 vear was held in Parlor H, 
Sth floor, Book-Cadillac Hotel, Detroit, 
Mich., on Thursday, Oct. 18, 1951, at 3:00 
P.M., with the following in attendance: 

Members: H. W. Pierce, Chairman, C. 
H. Jennings, F. L. Plummer, R.S. Donald, 
L. C. Bibber, J. J. Chyle, T. J. Crawford, 
\. F. Davis, O. B. J. Fraser, J. Grodrian, 
La Motte Grover, H. O. Hill, H. L. In- 
gram, Jr., T. B. Jefferson, A. J. Moses, 
H. k. Rockefeller, G. N. Sieger, H. N. 
Simms, J. R. Stitt, C. B. Voldrich and 
A. Wisler. 

Staff: J. G. Magrath, Secretary, and F. 
J. Moonev, Assistant Secretary. 

Guests: R. S. Green, Director-at-Large, 
1951-52; I. A. Oehler, Director-at-Large, 
1951-52: E. R. Seabloom, 2nd Vice Presi- 
dent, 1951-52; and M.S. Shane, Director- 
at-Large, 1951-52. 

Absentee Members: C. A. Adams, W. F. 
Bovle, J. H. Humberstone, G. 8. Schaller, 


L. C. Stiles and H. 8. Swan. 
President's Report 


The Chairman advised that the address 
he presented, as President, at the Annual 
Business Meeting preceding this Board 
meeting, constituted his report for the 
vear of his term of office as President and, 
secordingly, he was submitting same to 
the Board for their acceptance and, he 
hoped, their approval. 


Action: Upon motion, duly seconded, 
the President’s Report was accepted and 
approved. 


Secretary's Report 


The Chairman advised that copies of 
the Secretary's Annual Report had been 
distributed to each Board Member at this 
meeting, a summarization had been orally 
delivered by the Secretary and the Annual 
Business Meeting, and the report was now 
presented for acceptance and approval. 

Action: Upon motion, duly seconded, 
the Secretary’s Report was accepted and 
approved. . 


Man ufacturers Committee 


The present text of the by-law provision 
for this Committee's activities is as follows: 

Manufacturers’ Committee com- 
posed of representatives of Manufacturers 
of Welding Equipment and Supplies, 
which Committee shall cooperate with the 
Convention Committee in making ar- 
rangements for exhibitions and shall 
handle matters of general interest to the 
Manufacturers.” 

The foregoing sometimes has been inter- 
preted as confining this Committee to ac- 
tivities and matters of general interest to 
the Manufacturers in connection with ex- 
hibitions only. It is desired that a broad 
interpretation be given so that the Com- 
mittee may, within its rights, handle mat- 
ters of general interest to the Manufactur- 
ers other than those relating to exhibitions. 

Action: Upon motion, duly seconded, 
the Board of Directors approved the fol- 


The Board in Session 


Society Activities and Related Events 


lowing ruling, such to be incorporated in 
the Rulings of the Board of Directors: 

“The Board of Directors interprets the 
wording and intent of the by-law provid- 
ing the scope ot the Manufacturers Com- 
mittee as giving the Manufacturers Com- 
mittee the right to advise and consult the 
Board of Directors of the Sociery on any 
matters affecting the interest of the Manu- 
facturers of Welding Equipment and 
Supplies.” 


New Standing Committee 


President Pierce proposed that a new 
Standing Committee be created, its mem- 
bership to consist of executive-manage- 
ment representatives from industry inter- 
ested in welding, particularly users; that 
this Committee be of the nature of a ways 
and means, as well as an industry advisory 
group, and that its membership be in the 
order of appointee: designation by A.W.S 
Further, that this Committee be developed 
in scope and manpower, for the purpose of 
performing activities essential to the wel- 
fare and the strengthening of A.W.S. 
economically and industry-wise. 

The conference group of the Executive 
Committee studied and deliberated upon 
President Pierce’s recommendation. It 
was recognized that heretofore industry 
users at the executive level have not, to an 
extent believed essential by the Socrery, 
taken active interest in the work of the 
Sociery. The conference group recom- 
mends to the Board of Directors that such 
Committee be created. 

Action: Since a representative number 
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of industry users at executive level have 


not taken an active interest in the work of 
A.W.S., upon motion, duly seconded, the 
formation of a Committee of industry 


users at executive level was approved the 
activity of that Committee to include the 


determining of ways and means for ob- 
taining the objectives that would enlist a 
their support : 

Recommendation: It was recommended 
that the incoming Board of Directors, : 
1951-52 year, consider this action of the = 


outgoing Board, 1950-51 vear, and that 
this Board’s action be referred to the in- 


coming Board for its immediate considera- 


tion and further action 


Fund Raising Committee 


B. J 
Raising Committee, verbally reported his 
Committee's progress on the fund raising 


Fraser, Chairman of the Fund 


program. He stated that his Committee 


Was now in agreement upon the proposed 


plan, after having studied other plans. 


The plan formulated comprises the prepa- 


ration of an economical folder or brochure 


bespeaking the work, accomplishments, 
desires and requirements of the A.W.S 
Technical Activities and the preparation 
of a suitable letter designed for interesting 


potential subseribers in contributing to 


funds for supplementing the operation of 
Technical Activities; this letter to be of a 


suggestive pattern only and to be signed 


by business executives now interested in q 4 
\ W S.. to other business executives in 4 a 
organizations of activities similar to theirs, | 


urging all other executives in their particu- 


lar industry to support the Socrery’s 


ROGEN 
p HYD for high pres 


acking may 


Technical Activities in a manner similar to 
that support given by the writer 

Mr. Bibber observed that he hoped that 
this activity would in no way conflict with 


the fund-raising activities of the Welding 
Research Council, which activities like- 
wise benefit A.W.S. It was felt by those 
attending that there would be no conflict 


iction? Upon motion, duly seconded, 
the report of the Chairman of the Fund 


{aising Committee was accepted and 
approved. 
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Vember ship Classification Committee 


The conference group of the Executive 


Committee recommends to the Board of 


Directors the appointment of 1. Morrison, 
Chairman of the National Membership 
Committee, to membership on the Special 
Committee on Membership Classification 
This recommendation is based upon the 


use wit 


obvious interest of Mr. Morrison in this 
ing disc safe 


Special Committee's deliberations 
Action: Upon motion, duly seconded, 


Mr. Morrison's appointment to the Special 


Committee on Membership Classification 


was approved. 


Omission RECO 


4201 West Peterson Ave. Chicago 30, Hlinois 
The authors, R. 8S. Zeno and H. L. C ’ 
Leslie, of the paper, ‘The Inert-Are 
Welding of Thin-Walled Tubing,”’ pub- PIONEER AND LEADER IN THE DESIGN 
lished in the November 1951 issue of Tue AND MANUFACTURE OF PRECISION 
WELDING JoURNAL. inadvertently omitted *Reg. U.S. Pat. OF. EQUIPMENT FOR USING AND CONTROL- 


in the Acknowledgment” the name of LING HIGH PRESSURE GASES 


J.P. Frandsen of the Knolls Atomic Power 
Laboratory, General Electric Co 
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tion assures positive shut-off. = 
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nstruction. Compact rugged design for 
pressures: Equipped with burst- 
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= | ty device. 


Board of Directors Meeting 


The first meeting of the Board of Diree- 
tors of the AMERICAN WELDING SocieTy 
for the 1951-52 Year was held in Parlor 
H, 5th floor of the Book-Cadillae Hotel, 
Detroit, Mich., on Thursday, Oct. 18, 
1951, at 3:51 P.M., with the following in 
attendance: 

Vembers: C. H. Jennings, Chairman, 
F. L. Plummer, FE. R. Seabloom, L. C. 
Bibber, T. J. Crawford, A. F. Davis, R. 3. 
Donald, ©. B. J. Fraser, R. S. Green, La 
Motte Grover, H. L. Ingram, Jr., T. B. 
Jefferson, A. J. Moses, 1. A. Oehler, H.W. 
Pierce, H. Rockefeller, Shane, 
G. N. Sieger, J. R. Stitt, C. B. Voldrich 
and A, Wisler. 

Staff: J. G. Magrath, Secretary, and F. 
J. Mooney, Assistant Secretary. 

Guests: J. J. Chyle, Director-at-Large, 
1950-51; H. O. Hill, Director-at-Large, 
1950) 51. 

Lhsentee Members were: C. A. Adams, 
ki. N. Adams, J. U. Durham, A. P. Mara- 
dudin, G. 8. Sehaller and O. Williams. 


1 ppree valions 


H. Jennings voiced his 
sincere appreciation to outgoing President 
H.W. Pierce and to the Board of Directors 
for their activities and accomplishments 
during the 1950 51 administrative vear. 
He expressed the hope that he would, dur- 
ing his term of office as President, with the 
help of the Officers and Board Members, 
be able to carry on the excellent work 
started by, and e jual to the work accom- 
plished by, 


(a) Chairman ¢ 


his predecessor, Mr. Pierce 


He stated he would devote his full efforts 
to that task. 

(6) Chairman Jennings called for a mo- 
tion authorizing Past-President Fraser and 
Secretary Magrath to draft a letter from 
the Board of Directors to retiring Presi- 
dent Pierce, expressing the appreciation of 
the Socrery for his services during the 
1950-51 vear as President and Chairman 
of the Board of Directors. 

Upon motion, duly seconded, 
the foregoing recommendation was ap- 


Action 


proved. 

(¢) Chairman Jennings called upon re- 
tiring President Pierce and, on behalf of 
the Board of Directors, presented him 
with a silver rimmed inseribed gavel and 
gavel block in case, such being a svmbolic 
expression ol the appreciation of the mem- 
bers of the Board for his services during 
his vear of activity as President of the 
Society and Chairman of the Board of 
Directors. 


Slafl Officer Appointments 


Upon motion, duly seconded, recom- 
mendation was approved that J. G. 
Magrath serve as the Socrery’s Secretary 
for the 1951-52 administrative vear. 

Upon motion, duly seconded, recom- 
mendation was approved that F. J. 
Mooney serve as the Socrery’s Assistant 
Secretary and Assistant Treasurer for the 
1951 52 administrative vear 


Documental Siqnature Authorization 


Upon motion, duly seconded, the Chair- 
man’s recommendation that the Treasurer 


and the President, and in the absence of 
either, the Assistant Treasurer, be author- 
ized to sign checks and other documents in 
behalf of the Soctery, was approved. 


National Program Committee 


The Chairman called attention again to 
the agenda item covering the list of pro- 
posed appointees to the Standing Com- 
mittees and, in particular, Committee 5, 
the National Program Committee. He 
observed that this was based upon the 
recommendations of the Special Commit- 
tee for Determining the Seope, Purposes 
and Requirements of the A.W.S. Annual 
Meeting, which recommendation included 
the reorganizing of the Program Com- 
mittee to an organization which could 
serve the entire National Program, inelud- 
ing welding conferences, such as at Ohio 
State University, Purdue, special program 
activities on the West Coast during the 
Western Metal Congress, the Centennial 
of Engineering, 1952, in Chicago, and 
other regional meetings, as well as the 
Annual Meeting our Society 

Action: Upon motion, duly seconded, 
the reorganized pattern of the National 
Program Committee was approved as sub- 
mitted. 


Evecutivee Committee Authority 


The Secretary called attention to the 
action of the 1950-1951 Board of Directors 
extending special authority to the Execu- 
tive Committee for the 1950-51 vear, in 
the order following: 
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Scrappy seys, 
“Aid defense — 
more scrap to- 

more 
steel tomorrow.” 


@ Looks simple, doesn’t it . . . that welding fitting? Not so! It’s 
engineered ... for shape, for size, for dimensions, for wall thickness 

. all so that it will do its share of the piping job for you... 
without trouble and at top efficiency. True circularity, smooth inner 
walls, and full radius combine to reduce pressure loss of any flow 
of fluid. Micrometer-checked uniform wall thickness and forged-in 
strength combine to assure long-life, dependable service. 


All TUBE-TURN Welding Fittings and Flanges are design engineered 
¥ and held to extremely close manufacturing tolerances giving the 
Write Dept. O-1 for free utmost in strength, safety and efficiency. You'll find a TUBE TURNS’ 


mcewathurie se Distributor in every principal city. Call him for good service in 
ing Pressures. Use coupon on " 
good connections. 


Be sure you see the double “tt” 
TUBE TURNS, INC. 
@ KENTUCKY 


DISTRICT OFFICES: New York Philadelphio Pittsburgh - Chicago - Houston Tulsa San Francisco + los Angeles 
TUBE TURNS OF CANADA LIMITED, CHATHAM, ONTARIO...A wholly owned subsidiary of TUBE TURNS, INC. 


and “TUBE-TURN” are applicable only 
to products of TUBE TURNS, INC. 

d 
Engineered to reduce pressure loss _ 


Welded piping 
reduces 
maintenance for 
City within a City 


Piping for refrigeration machines, ranging up to 
14 inches, is trouble-free. Use of TUBE- TURN 
Welding Fittings also speeded up erection of 
Piping, since most assemblies were shop-welded 
then tied into the systems they serve. insulation 
wes applied easily and is permanent. 


@ Service requirements for the Rockefeller Center group of 15 skyscrapers add up 
to big figures. 

The Center consumes nearly half a billion pounds of steam each year. 

The famous outdoor skating rink is kept in use even when temperatures are 
in the high sixties. 

A total of 8,000 tons of refrigeration is available for air conditioning. 

But maintenance on all r? miles of pi , 3 is kept to a minimum. All critical 

ioe systems are welded, and directional changes made with TUBE-TURN Weldi 

ttings. Thus piping is permanent and | teatipooel, and vital services are ae 
without interruption. 


District heating plant supplies steam at 150 psi. 
Steam is then sent through headers fabricated 
with TUBE- TURN Welding Fittings ronging up to 
12 inches, and distributed via steam stations. 
Opti flow diti hove been obtained 


“tt “ond *TUBE-TURN” Reg. U.S. Pot. OF. 


DISTRICT OFFICES 


TUBE TURNS, INC., Dept. O-1 

224 East Broadway, Louisville 1, Kentucky Pittsburgh 

= Chicago los Angeles 

Your Name 

Position 

Company 

‘TUBE TURNS, INC 


Address : LOUISVILLE 1, KENTUCKY 


CaP State 


/ 


An Executive Committee consisting of 
not less than five members of the Board of 
Directors shal! be empowered to act for 
the Board of Directors in the administra- 
tion of the affairs of the Society as may be 
necessary, from time to time, between 
meetings of the Board of Directors. Ac- 
tion taken by the Executive Committee 
shal] be subject to approval by the Board 
of Directors at their next regular meeting.” 

The Chairman recommended that com- 
parable authority be extended to the 1951 
52 Executive Committee. 

Action: Upon motion, duly seconded, it 


was approved that the same special author- if accommodations 


ity be extended to the Executive Commit- 
tee for the 1951-52 year. 


Next and Future Meetings 


The Chairman called for recommenda- 
tions regarding locations and approximate 
dates for future meetings of the Board of 
Directors during the 1951-52 fiscal vear 
Discussion followed. Asa result of the de- 
liberation, it was decided that the next 
meeting of the Board 
January, subsequent to January 15th such 
to be preferably in Washington, D. C., but 
were difficult to ob- 


would be held in 


tain, then it could be arranged for holding 
in Baltimore, Md. It was recommended 
that the third meeting of the Board of 
Directors be held in March, in Indianapo- 
lis, Ind., in conjunction with the annual 
meeting ol I.A.A. It was decided that it 
was necessary to hold the late August 
meeting of the Board in New York City 
for the purpose of reviewing the operating 
budget for the 1952-53 fiscal year The 
fifth and final meeting of the Board would 
naturally be held in October in Philadel- 
phia, the site of the Annual Meeting of the 


Auditor's Report 


DAVID JOSEPH & COMPANY 
Accountants~- Tax Consultants 
40 East 49th Street 
New York 17, N. Y. 
October 9, 1951 


AMERICAN WELDING Society 
33 West 39th Street 

New York, N. Y. 

Sirs: 

We present herewith the financial report on the status 
of the Socrery as at August 31, 1951, and the results of 
operations for the fiscal year then ended. 

The results of operations for the year show an excess 
of income over expenses in the amount of $4997.18. 
This result is very gratifying inasmuch as the past 
few years have resulted in operating losses. 

Income from Membership Dues increased by $2080 
over the preceding year. Income from this source, be- 
fore allocation of Dues Income to JouRNAL Subscrip- 
tions, amounted to $118,128 as against $116,048 for the 
preceding year. The registered membership increased 
from 7132 to 7374. 

JourNAL Advertising revenue increased from $47,734 
to $57,618: $4,550 of this increase resulted from addi- 
tional paid lineage and the balance resulted from an 
increase in rates which was put into effect at the end of 
1950. 

The comparison of budget against actual operations 
shows that the total income for the vear was $6997.59 
above the budget estimate. Of this amount, $5586.55 
resulted from increased subscriptions and sales of 
JouRNALS and Reprints. 

We herewith certify that the Statement of Assets 
and Liabilities and Comparative Statement of Re- 
sources submitted herewith fairly present the financial 
status of the Socrety as at August 31, 1951, and that 
the Statement of Income and Expense correctly sets 
forth the results of operations for the year then ended. 

Very truly yours, 
(Signed) Davip 


Davin Josep & Company 


JANUARY 1952 


American Welding Society 
Statement of Income and Expenses 
lor the Fiscal Year Ended 
August 31, 1951 


INCOME: 


Membership Dues 

Less Amount Al- 
located to Sub- 
scriptions 


$118,128.15 


16,428.93 


$101,699.22 
Dues Income Allocated to JoURNAL: 


Subscriptions 16,428.93 
JouRNAL Advertising 57,618 88 
JoURNAL Supplements 4,822 46 
JouRNAL Cuts 2,715.83 
Subscriptions and Sales of 
JOURNALS 23,086.55 
Annual Meeting 8,060 81 
Codes, Standards and Binders 6,772.67 
Welding Handbook 20,514.15 
Reprints of Handbook Chapters 217.20 
Welding Metallurgy Book 3,115.76 
A.W.S. Educational Books 412 69 
Other Educational Books 1,833.05 
Emblems and Certificates 738.15 
Interest Income 241.24 
Toran INcomE $248 , 277.59 
EXPENSES 
Journnat Text Matter and Adver- 
tising $ 98,447 4 
Technical Activity and Printed 
Matter 19,256.70 
Membership and Education 22,451.11 
Welding Handbook 14,234.20 
A.W.S. Educational & Welding 
Metallurgy Books 7,913 81 
Section Activities 9,401 67 
Annual Meeting 17,082.89 
Administration 12,131.88 
Section Refunds 27 , 462 03 
emblems and Certificates 338 .22 
Other Educational Books 1,445.94 
Purchase of Equipment 661.31 
Adams Lectureship Award 199.30 
Publicity 774.87 
Yearbook and Membership Direc- 
tory 3,201 61 
Employees Insurance Expense 5,794 06 
1% of Gross Income to Reserve 
Funds Account 2,482.78 
Expenses 243,280.41 
Excess of Income Over Expense $ 4,997.18 
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New WD-4200 and smaller WD-41 50 ore com- 
pact, portable welders with wide current range 
and versatility of operation. 30 volts, 50% 
duty cycle--220, 440 volts; 60 cycles; 150 
end 200 amps. 


WELDER 


Features Versatility and Ease of Operation, 


High Production, Low Costs 


VERSATILE 

The new G-E WD-4200 can be used with: 

a variety of electrodes from to inches, and 
as large as 4 in. for — short jobs 

© wide current range—from 30 to 250 amps, or as 
low as 15 amps with a special, easily-installed 
resistor 

® both Inert-Arc and metal-arc welding 


EASY TO OPERATE 
Operators like the new manual starter, simple 
dial controls and a stable arc which can be main- 
tained at any current setting. The compact, light- 
weight WD-4200 is easily portable, too. 


INCREASES PRODUCTION 
High instantaneous voltage makes the arc strike 
every time on heavy or light-gage stock, reducing 
spoilage. 
The WD-4200 is suiced to both fast metal-arc lhe Tho wo 
welding and Inert-Arc welding of copper, stainless 
steel and alloy steels, including sheet metal from 
to ,\ inches. 


LOWERS COSTS 


Reduces Power Costs 10 to 15% 

The WD-4200 substantially lowers costs because 
the full range of current is obtained without the 
use of a current-limiting resistor. 

Limited current peaks conserve electrodes and 
help prevent spatter and burn-through. You save 
on original cost, production and upkeep expense! 


Section B 711-19 
General Electric Company 
Schenectady 5, N. Y. 
Please send me your bulletin, GEC-847, which describes 
the newest G-E WD4200 Generater Welder. 
Bulletin needed for: 
Reference purposes 
Planning immediate project 


Pesition 
Address 
City 


(Please print) 


ELECTRIC 


uff 

“By 

hs 
per 

Name 

Zone Stote 


American Welding Society American Welding Society 
Statement of Assets and Liabilities latement of Resources 
August 31, 1951 August 31, 1951 


Content Assets Net Worth as at August 31, 1951 $ 26,336.63 
$37 085 57 Miller Memorial Fund Account: 
Cashea Mand 150 00 888.135 57 Cash on Deposit in Union Dime Savings Bank 519. 10 
Reserve Funds Committee Account: 
Accounts Receivable Cash on Deposit in Emigrant Indus- 
Jounnan Advertising $ 684 Wy trial Savings Bank $7,484 46 
Supplements, Cuts and Jouanaus 616 56 1,301.49 Due from Socrery 1,181 24 
$1500 par U.S. War Savings Bonds, 
Bulletins, Codes, Emblems and Series F *1,330 50 
Handbooks 1,756.31 $7000 par U. Treasury Bonds, 
Toran CurRReNT Asserts $44,193 37 B 7,000.00 
$10, par reasury Onds, 
Current due 12 15/69 4 10,000.00 
tefunds Due Sections on Paid Dues 22 26 due 12 15/62 8,007.32 
$2000 par U. 8S. Treasury Bonds, 
Payable to Reserve Fusds Com 2'/,%, due 12/15/62-59 *2,053.01 
of ‘Crem $15,000 par U. S. Treasury Bonds, 
income 2'/.%, due 1965-70 15,000.00 
Membership Dues Received in Ad $10,000 par "Pressey Ronde. 
vance Year 6 2'/.%, due 1965-70 10,000.00 
eceipts eld in Suspense 25 9 
Pas Roll Taxen Withheld 70 $7500 par Treasury Bonds, 
New York City Sales Tax Payable 82 $18,065 15 Bond 7,500.00 4 
Reserve for Resistance Welder Manufacturers 2 Jo, due 8/15/72-67 10,000 .00 y 
Applications for Corrosion Resistance 1.417 46 $6000 po Bonds, 6.15 
eserve for A. F. Davis Undergraduate Welding - o, due 12/15/67-72 *6, 157.28 q 
Award and Travel Fund $283 19 $7000 par U. 8. Treasury Bonds, 4 
Reserve for Lincoln Gold Medal Award 1,649 11 2'/2%, due 12/15/ 67-72 *7, 158.75 
$8000) par U. S. Treasury Bonds, 
Toray Current 27 565 61 2 %, due 12/15/67-72 *8, 181.04 
$2000 par U. S. Treasury Bonds, 
Nev Workine Caprrat $16,627 76 2'/.%, due 12/15 /62-59 *2,059 02 110,613 52 
Add: Other Assets 15,686 66 


Torat ComBinep RESOURCES $137,469 25 


Less: Deferred Income 


Net Worru 


A 


igust 31, 195 


Purchase Premiums and Discounts Amortized to A 


$2250 in Prizes for Papers on Resistance Welding: Design— 
Application—Research 
Contest Closes July 31, 1951 


Prizes and Contest Rules 


Announcement has been made of cash For example, it may be devoted to re- est original contribution to the advance- 


wrizes to be awarded in 1952 by the Re- design of a product or products for resist- ment and use of resistance welding from 
} 


sistance Welder Manufacturers’ Associ- ance Welding, improvement (from a weld- this source 
ation for outstanding papers dealing with ing and cost viewpoint) in a present de- A prize of $200 for the second best paper 
resistance welding subjects The total sign for resistance welding, resistance in the above classification 
amount of the awards is $2250, and a wide welding research, development of new A prize of $250 for the paper emanating 
choice in subject matter is allowed in procedures to broaden the field of appli- from a University source (the author of 
order to assure eligibility to all papers cation of resistance welding, etc. Papers which is an under-graduate student) which 
which cover worth while and significant in these categories should explain the in the opinion of the Board of Award is 
achievements in the field The contest economic importance of the accomplish- the greatest contribution to the advance- 
judges will be appointed by the American ments described—that is, cost savings, ment of resistance welding from this source 
WELDING Socrety, and awards will be production improvement, scope of appli- While each prize award is the total for 
made at the 1952 Fall meeting of the cation, ete the paper, each individual author and co- 
Society. The prizes and rules governing \ prize of $500 for the second best paper author, if any, will be presented with a 
the contest are as follows: in the above classification \ prize of suitable certificate 

One prize of $750 for the best paper $250 for the third best paper in the above The contest is open to anyone, without 
emanating from an industrial source, con- classification restriction, from the United States, its 
sulting engineer, private or government \ prize of $300 for the paper emanating possessions and Canada. It is also open 
laboratory, or the like, the subject matter from a University source (the author of to any member of the AMERICAN WELDING 
of which is concerned specifically with re- which is either an instructor, graduate Society in any grade from any place in 
sistance welding. There are no restric- student or research fellow) which in the the world. The contest is considered as 
tions on the scope of the subject matter opinion of the Board of Award is the great- having opened Aug. 1, 1951. In order to 
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$32,314.42 
Ty 
$26 336 63 


/ Acetogen offers 
Stan a better, cheaper, faster 


and complete STEEL FABRICATION SERVICE 


because we employ the amazing Acetogen Process to 
flame-cut your steel. This is the process you’ve heard 
and read about—the new way of flame-cutting steel to 
+l" tolerance. Acetogen cut plates are precise. They 
have “feather” edges and a sufficiently low Brinell to 
allow machining. They are ready for welding without 
any further preparation. 


because we flame-cut—not grind—your work to exact 
tolerances. With the revolutionary Acetogen Process, it 
is no longer necessary to grind even the toughest bevel 
or radius! We save—and pass on to you—the cost 
of elaborate grinding machines and the men to 
operate them. 


| 


; because Acetogen-cutting is infinitely quicker than 
laborious grinding. In one department, with one plate 
positioning, with one operator. in one stroke—we make 
the finished cut to the required tolerance. After cutting, 
the plate is immediately ready for forming, assembly, 
or other operations. 


and complete — 


because the brand-new Acetogen plant at Chester, Pa. 


= 
contains all the tools and equipment necessary to do any Yj My, Vy fy 
fabricating job—including flame-cutting, welding, form- 
ing, sub-assembling—on armor plate, low-carbon and Vj Vp 
W/4 Kk 


high-alloy steels, as well as on all other types of metals. Ls 
It is operated by men thoroughly experienced in 
ordnance and aircraft metal-working. > 


Let us avote on your defense work... 


Our organization has full security clearance to contract ef 

for defense work through the Department of the Army, 53 What do you think of these bevels ? 
Philadelphia Ordnance Division. Send us drawings, "They ore all found on one piece of 
sketches, or blueprints for any fabricated work that emer 
you have, including the most difficult. We will promptly 
quote price- and time-schedules that will amaze you. 
Get those drawings now and write today! Acetogen ee ee one 


the same exact tolerances—cnd we 
Fabricators, Inc., Room 822 Commercial Trust Bldg., fone tn 
Phila delphia 2, Pa. & pass the savings in time and money on 


to the customer! 


FABRICATORS, INC. 
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be eligible for this contest all papers must 
be forwarded so as to be delivered at 
American WeELbpING Society headquar- 
ters no later than 5:00 P.M., July 31, 1952. 
Papers which are to be presented at the 
Annual Meeting of the AMERICAN WeELpD- 
ING Society in October may also be entered 
in this contest, in which case a draft or 
copy of the paper must be filed with the 
AMERICAN WELDING Scciery not later 
than July 31, 1952. To be eligible, author 
must indicate paper has not been con- 
sidered previously in the contest, or shall 
not have been presented or published prior 
to its appearance in the WeLpInG JovuR- 
NAL, except in a school paper in the case 
of a paper from a University source 

All papers submitted in the contest be- 
come the joint property of the R.W.M.A 
and the American WELpING Society, 
who will retain all rights thereto The 
AMERICAN WELDING Society wil! appoint 
five judges, who will judge the relative 
merits of the various papers submitted 
and make the awards accordingly. The 
decision of the judges will be final 

For the author or authors to be eligible 
for this award, the paper shall describe 
clearly original work done by them or under 
their supervision on resistance welding in 
any of its aspects by any method or proc- 
ess. The paper shall be a full disclosure 
of the subject. The paper shall contain 
no statement which is unethical adver- 
tising or sales promotion. The paper may 
contain statements of fact, including the 
names of either individuals or organiza- 
tions of any kind, commercial designations, 
trade names, ete. The minimum length 
requirement is 2500 words 


temperature has been reached. 


Available in these temperatures 


13 400 1500 
125 | 275 | 450 | 1000 | 1550 
138 288 500 1050 1600 
130 | 300 | 550 1100 1650 
163 | 313 | 600 | 1150 | 1700 
325 | 650 | 1200 | 1750 
200 | 238 | 700 | 1250 | 1800 
213 | 350 | 750 | 1300 1850 
225 363 800 1350 1900 
238 | 375 | 850 | 1400 | 1950 
250 | 388 | 900 | 1450 | 2000 


Simply mark your workpiece a 
with the proper Tempilstik? 
When the mark melts, the specified 


spacing, written on one side only of blank 
white paper. Photographs, charts, graphs, 


etc., May either be attached directly to the 


copy or may be detached, in which case 
they should be clearly identified with figure 
numbers, captions, etc 

Papers entered in this contest should be 
sent to AMERICAN WELDING Society, 33 
W. 39th St., New York 18, N.Y. If mailed 
to arrive not later than July 1, 1952, 
three copies should be furnished. — If 
mailed to arrive between July 1 and July 
31, 1952, six copies should be furnished. 


Employment 
Service Bulletin 


Positions Vacant 


V-262. Chief Inspector—Ordnance Di- 
vision Age: 35-45. Salary: $700—-$750 
per month (no incentive). College degree 
M.E preferred or equivalent Two 
vears’ supervisory experience either pro- 
duction or inspection Should know weld- 
ing techniques intimately and be familiar 
with statistical quality control Previous 
experience preferably with progressive 
companies producing heavy standardized 
equipment. Must be firm, decisive, yet 
fair and honest. 

V-263. Production Superintendent 
Ordnance Division. Age: 37-45. Salary: 


Also available 
in pellet or 
liquid form 
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All papers must be typewritten, double 


A convenient method of 
controlling working 
temperatures in: 


$750 per month plus $250 per month in- 
centive. College degree (M.E. preferred 
or its equivalent 
as production executive, 
companies producing heavy equipment us- 
ing modern welding techniques Well in- 
formed and have successful record in pro- 
duction management Good adminis- 
trator with ability to get results in terms 
of quality, meeting delivery schedules at 
budgeted costs and with good labor rela- 
tions. Resourceful and a constructive 
planner and doer, 

firm and decisive, yet fair and honest 
Able to obtain desired performance by 
suppliers. Good record of accomplishment 
in developing and maintaining sound indus- 
trial relations and high employee morale 


Five years’ experience 
preferably in 


Strong personality, 


Services Available 


4-623. Welding Engineer: Age 37, mar- 
ried, three children. Thirteen years di- 
versified metal fabricating experience cov- 
ering all phases of welding, brazing and 
soldering. Practical experience in pro- 
duction, quality 
metallurgy, research and engineering de- 
velopment work 
ing projects trom the initial research and 
development phases on through all steps 
of manufacturing to the final product 
Familiar with forging and casting prac- 
tices, material standards and specifica- 
tions including estimating, vender and 
customer contact work Will consider 
engineering, metallurgical, quality contro] 
or production work. Prefer West Coast or 
Rocky Mountain area. 


processing control 


Capable of coordinat 


WELDING CASTING 

FLAME-CUTTING © MOLDING 

© TEMPERING © DRAWING 

© FORGING © STRAIGHTENING 


© HEAT-TREATING IN GENERAL 


FREE 


by 21” plastic laminated wall chart in color. 
Send for sample pellets, stating temperature 
of interest to you. 


TEMPIL’ CORP., 132 west 22nd st. NEW YORK 11. N. 


We invite inquiries from reputable distributors interested in handling Tempil® products. 


— Tempil® “Basic Guide to 
Ferrous Metallurgy” — 16'/," 


x 
f 
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Report on Membership Status for the Year Ending 
August 31, 1951 


Section A B c D E F Total 
District 3, Southern 


Membership Status for Year Ending August 31, 1951 
Atlanta 
A B ( D E F Total Birmingham 
Total Membership, Chattanooga 
Sept. 1, 1950 lil 3019 3801 19 8. 7132 Nashville. . . 
Gains (new members, New Orleans 
increases in classifiea- Pascagoula 
tion and reinstate- 
ments 603 678) > 13% 
126 3622 4479 284 6 
Losses (resignations, Cleveland 
cancellations due to Columbus 
delinquency and de- Dayton 
creases in classifiea- Detroit , 
tion 430 660 52 Bag 
Total Membership, Pittsburgh vee 
August 31, 1951 115 3192 3819 233 ‘§ j Saginaw Valley 
Net changes during year 1 173 is 40 Toledo ee 
Western Michigan 


Membership Classifications: A—Sustaining Members; 3 
Members; C-—Associate Members; D--Student Members; E Anthony Wayne. . 
Honorary Members; F—Life Members. Chicago... 
Eastern Illinois 
Indiana 
Louisville . 
Michiana 
Milwaukee 
Northwest 
Society Membership August 31, 1951 Peoria 


Tri-State 5 5 

Section A B DE Tri-State 

District 1, New York and New England G, 


Colorado 
Boston 3 Dallas 


Hartford. Kansas City 
Niagara Frontier ‘ Oklahoma City 
Northern New York 1 é 9 2 : St. Louis 
Rochester Tulsa. . 
Svracuse S6 Wichita 
Western Massachusetts 
Worcester 1 
Arizona... 
District 2, Middle Es Inland Empire 
: Long Beach 
Lehigh Valley Los Angeles 
Marvland 3, ‘ Portland 
New Jersey 3: 299 Puget Sound . 
New York 5 Salt Lake City 
Philadelphia j 5 San Francisco 
Renanks Not in Sections 
Susquehanna Valley Domestic 
Washington aril 3: 56 Foreign 
York-Central Pa. ‘ 


Record of Membership 


Membership 

Total Year d dD 
217 1935 300 
341 1936 a Biiy 367 
574 1937 536 
505 1938 586 786 
684 1930 S60 
700 1940 1165 
S45 142 S82 oS 1036 
854 1943 5 5 1124 
913 1044 28: 470 
1016 145 131 
1343 1946 2075 56 
1424 1047 3 é 37 
1374 1948 d 69 
1284 1949 305 126 
1375 1950 3014 193 
1951 319: 233 


Vembership 

“ear 
1919 
1920 
1921 
1922 
1923 
124 
125 
1926 
1927 
1928 
1930 
1933 
1034 


~ 


Total 
1614 
1766 
2378 
3538 
3693 
4344 
4637 
5226 
6638 
7636 


= 
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Ri 
24 
23 41 
38 
District 4, Central 
a 6 155 251 1 413 : 
3 35 54 34 126 
32 48 20 100 
11 308 211 11 1 542 
5 39 31 75 
he 1 20 43 «#2 66 
7 114 102 2 225 
+. 2 43 24 96 

District 5, Mid-Western 
52 
10 158 188 1 358 
. 18 26 

47 
3 66 113 1 184 
a 9 56 7 1 142 
i855 73 
20 
. 86 39 86 

j 78 105 183 
15 41 20 76 
| 49 49 1 
1 19 40 34 
District 7, Western 
21 25 45 
6 4 10 
2 10 52 
4 92 157 7 260 
26 40 

3145 76 

‘ 41 8 22 71 
1 67 66 1 135 
4 186 .. 304 
5 
1 Bec op 8 F 
62 116 13 25 48 
= 83 35 25 07 
i. 81 192 45 254 43 
50 186 81 277 
198 121 317 35 

51 203 «4153209 38 
51 237) 219 308 45 
ae 49 273 258 262 50 
51 310) 2 28 
47 343 2 210 18 

Ee 47 378 360 207 21 19 8139 

408 476.279 43 160-7411 
40 443 «#615 273 7400 
33 403) 639-257 40 7393 

2! 350 #613 261 37 7191 

r 2 345 2 273 43 7132 

6 7374 
“ 


NEW LITERATURE 


Incentive Management 


Incentive Management by James F. 
Lincoln is a philosophy through which 
workers and managers in business and 
industry can develop themselves as skill- 
ful individuals and work together coop- 
eratively to everyone's benefit rather than 
work at cross purposes to everyone's ex- 
pense. Large 6 x 9-in. page size, 288 
pages, bound in gold embossed cloth 
covered board, price $1.00 in U. S. A., 
$1.50 elsewhere, postage prepaid. Pub- 
lisher: The Lincoln Electrie Co., Cleve- 
land 17, Ohio. 


“Jim” Lincoln and “Charlie” Davis 
review the first copy of “Incentive 
Management” 


Metco News 


The current issue of the Metco News 
(Vol. 5, No. 11) deseribes and illustrates 
several money-savin® metallizing appli- 
cations, Copies of this publication may 
be obtained by writing to Metallizing 
Engineering Co., Ine., 38-14 30th St., 
Long Island City 1, N.¥ 


Test Data on Plastic-Coated 
Lenses and All-Plastic Lenses 


The Thermacote Co. announces the 
results of an exhaustive test conducted on 
plastie-coated lenses versus all-plastic 
lenses, the test being conducted by the 
California Testing Laboratories of Los 
Angeles, 

Under simulated welding conditions, the 
test has data and photographs showing the 
comparison of the two types of lenses under 
various welding conditions 

Copies of this test, complete with photo- 
graphs, are available and may be obtained 
by writing to the Thermacote Co. at 320 
Jefferson St., Newark, N.J., or at 1005 
S. Santa Fe Ave., Los Angeles 21, Calif. 
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Hard Surfacing Welding Elec- 
trodes 


Tips on using Seaco AC/DC Hard Sur- 
facing Welding Electrodes.to get the most 
out of maintenance are outlined in the 
Vanganal Marketer (Vol. 2, No. 10), avail- 
able on request from the Stulz-Sickles Co., 
134-142 Lafavette St., Newark, N.J. 

This publication describes the welding 
procedure and practical application of 
Seaco in protecting and increasing the life 
of steel parts subject to impact and abra- 
sion 


Gas Welding and Cutting 
Apparatus 


Victor Equipment Co., 844 Folsom St., 
San Francisco 7, Calif., announces the 
publication of their new apparatus catalog 
20-C. The purpose of this catalog is to 
present complete information on Victor 
apparatus through carefully planned illus- 
trations and charts to make selection and 
ordering as easy as possible. Your copy 
of this four-color apparatus catalog may 
be obtained by writing directly to the 
company at the above address 


Identification of Metals and 
Alloys 


\ new booklet, Rapid Identification of 
Some Metals and Alloys, is now available, 
without charge, through the Technical 
Service Section of the Development and 
Research Division of The International 
Nickel Co., Ine., 67 Wall St., New York 5, 
N. Y. This booklet covers, in outline 
form, simple spot-testing procedures for 
metals and alloys which can be used in the 
laboratory and in the shop 


New Aircomatic Catalog 


A new illustrated catalog on Aircomatic 
equipment and wires has been announced 
by Air Reduction Sales Co., a Division of 
Air Reduction Co., Ine 

This catalog describes the Aircomatie 
Gun for manual operation, the Aircomatic 
Head for automatic operation and the 
Aircomatic Wires for use with either man- 
ual or automatic equipment. Photographs 
and sketches of the equipment are supple- 
mented by on-the-job illustrations of a 
number of applications 

Copies of this new Aircomatic Catalog 
(Form ADC 717) may be obtained by 
writing to the nearest Airco office or to 
Air Reduction, 60 E. 42nd St., New York 
17, N.¥ 


New Literature 


SPOT WELDING 


TIPS 


Resistance Welding knows this symbol. In 
shops small and large, it means depend- 
ability in Tips for sound, clean welds 
efficient cooling—speedy welding—long tip 
life—less down time—welding at a saving! 

WW Tips are made of alloys of correct 
physical and electrical properties, preci- 
sion-machined, water-tight and electri- 
cally tight fitting. 

Replaceable tips, both straight and off- 
set, WW leak-proof holders, seam welding 
wheels, electrodes and dies and special 
alloys for making your own dies are avail- 
able in numerous standard sizes which 
you will find in the WW Catalog entitled 
“Standard Replaceable Welding Tips 
Standard Water-Cooled Holders.” 
Weiger Weed & Company, Division of 
Fansteel Metallurgical Corporation, 
11644 Cloverdale Avenue, 

Detroit 4, Michigan. 


Send for this free booklet 
of latest information 
on Resistonce Welding. 
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Welding, Brazing and Cutting 
Alloys 


An illustrated folder, 6 pp., x 6'/, 
in., on welding, brazing and cutting steel 
with torch and are has just been released 
by All-State Welding: Alloys Co., Ine., 
White Plains, N. Y. Contained are com- 
plete instructions for use, techniques of 
application and description of the proper- 
ties of twelve alloys for welding and braz- 
ing and one alloy for cutting, particularly 
developed for use on all types of steel. 
Copies of this folder are available on re- 
quest at White Plains. Copies also may 
be obtained from distributers throughout 
the country handling All-State Alloys and 
Fluxes 


Welding Design Manual 


The availability of the 4th ed. of Man- 
ual of Welding Design and Engineering has 
been announced by Eutectic Welding 
Alloys Corp 

Enlarged to 72 pages, the new edition 
contains 62 new photographs and 132 new 
drawings together with data and how-to- 
do-it articles; illustrated with application 
drawings: weld diagrams; tables contain- 
ing information on melting temperatures, 
tensile strengths, corrosion factors, charts, 
ete 

This manual gives detailed information 
on over 100 different “Eutectic Low Tem- 
perature Welding Alloys’’ for use on cast 
iron, steel, copper, brass, bronze, alumi- 
num, die stainless, nickel, Monel, 
magnesium, ete., and covers all heating 


cast, 


methods: torch, are, furnace, inert arc, 
induction, ete 

The 72-page book is available without 
charge upon request from Eutectic Weld- 
ing Alloys Corp., Dept. “P,” 172nd St. 
and Northern Blvd., Flushing 58, N.Y. 


Stud Welding Design Manual 


“How to Design for Nelwelding,” a 
concise 8-page manual prepared to aid 
designers and production engineers in the 
fast, economical solution of fastening prob- 
lems, has been issued by the Nelson Stud 
Welding Division, Gregory Industries, 
Inc., Lorain, Ohio. 

In addition to listing stud specifications 
and recommended stud selection guides, 
the manual presents detailed suggestions 
concerning template design, provisions for 
accommodating fillet and a table on mini- 
mum stud clearances applicable to the 
portable Nelson stud welding gun. 


Rod Selection Guide 


A Rod Selection Guide for 
with Amsco Hardfacing Products has just 
been released by American Manganese 
Steel Division of The American Brake 
Shoe Co. This chart breaks down into 
basic operations, the parts that can and 
should be hard faced for longer life. The 
fields are Agriculture, Materials Working, 
Mining and Exeavating, Crushing and 


mscoating™ 


ations, 


Carbide 


IN THE RED DRUM 


EFFICIENT 


ECONOMICAL 


DEPENDABLE 


FOR WELDING and Cc 
Use National Carbide in the Red Drum 


Write us for information as to nearest available stock. 


Carsive Company 


60 E. 42nd St. 


NATIONAL 


A Division of Air Reduction Co., Inc. 


New Literature 


Pulverizing, Materials Handling, and 
Power Transmission. The Rod Selection 
Guide gives the name of the part, the 
recommended rod, sizes and method of 
application. Write for Bulletin “SG” to 
the American Manganese Steel Div 
Chicago Heights, Ill. 


Resistance Welding Data Book 
P. R. Mallory & Co., Ine., of Indian- 


apolis, announces that a completely re- 
vised and re-written Resistance Welding 
Data Book is now available. This Fourth 
Edition, containing photographs, charts, 
tables and diagrams of pertinent, up-to- 
date welding information, is the first new 
edition of the Resistance Welding Data 
Book to be published in seven years 

Chapter titles include: ‘Fundamentals 
of Resistance Welding,” “Spot Welding,”’ 
“Projection Welding,” “Seam Welding,’ 
“Flash and Upset Butt Welding,”’ “Butt- 
Seam Welding,” “Metals to Be Welded,” 
“Alloys to Be Welded,” “Resistance Weld- 
ing Electrodes, Dies, and Holders,” 
“Recommended Practices for Resistance 
Welding,” “Standard Methods for Test- 
ing,” and “Resistance Welds.” 

Over 500 pages and 1000 illustrations 
are included in the new Data Book which 
has been prepared by Mallory engineers 
and metallurgists. 

The price of the Data Book is $3.00 
Copies are available at P. R. Mallory & 
Co., Inc., Welding Division, Indianapolis 
6, Ind, 


New York 17, N.Y. 
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Booklet on Design for Welding 


A new 20-page illustrated booklet, 
“Improved Design for Welding,” has been 
announced by Linde Air Products Co., a 
Division of Union Carbide and Carbon 
Corp. The booklet describes the econo- 
mies of good welding design as compared 
to haphazard design methods. Included 
in the booklet are reprints of the papers, 
‘Plan Not Little Things,” by G. F. Nor- 
denholt, Editor of Product Engineering 
and “Applications of Welded Design for 
Cost Reduction,” by R. H. Bennewitz 
Linde Air Products Co. A summary of 
standard welding symbols abstracted from 
the “American Welding Society Summary 
of Standard Welding Symbols” is also 
included 

This booklet may be obtained without 
charge from the nearest office of the 
Linde Air Products Co., or by writing di- 
rect to Linde Air Products Co., 30 E. 42nd 
St., New York 17, N. Y. 


Chart on Welded Tubing 


The scope of sizes of Electric Resistance 
Welded Carbon Steel Tubing produced 
by the Welded Tube Division of The Bab- 
cock & Wilcox Tube Co., Alliance, Ohio, 
has been broadened As an aid to those 
using ERW tubing for either mechanical 
or pressure purposes the company has pub- 
lished a chart covering the range of sizes 
which they now produce. This chart is 
broken down to reflect both average wall 
and minimum wall requirements in 
0.08/0.18% and 0.20/0.30% carbon steel 
grades produced to various ASTM, 
ASME, AAR and government specifica- 
tions for pressure tubing and standard 
specifications for mechanical tubing. It 
covers a size range of '/. to 4 in., inclusive 
outside diameter and 0.032 to 0.213 in 
average wall thickness or 0.030 to 0.203 in 
minimum wall thickness. 

Copies of this new chart are available 
without charge on request to the com- 
pany’s sales office in Alliance, Ohio 


Metallizing Handbook 


A new metallizing handbook has re- 
cently been published by Metallizing 
Engineering Co., Inc., 38-14 30th St 
Long Island City 1, N. Y The 250- 
page text, a completely new work, is pro- 
fusely illustrated with photographs, disa- 
grams and charts. It provides a compre- 
hensive coverage of the technical as well 
as practical aspects of the process. Vari- 
ous methods of sufface preparation and the 
application of metallized coatings for ma- 
chine element work, for corrosion work 
and for many special production jobs, are 
thoroughly detailed along with valuable 
supplementary information 

This includes such miscellaneous appli- 
cations as the repair of blowholes in cast- 


ing, brazing and soldering, glass and ce- 
ramies, mass coatings in tumbling barrels, 
electric circuits and model work, etc 

Price of the cloth-bound edition has been 
set at $3.00 per copy, postpaid in the 
United States and Great Britain only 
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To assist you in your re-tooling 
problems...or to help you an- 
alyze your present welding 
methods so that you may enjoy 
maximum speed, efficiency, and 
economy in many of YOUR pro- 
duction problems... 


WELDING ALLOYS 


Over 40 pages of helpful data covering basic and 
advanced welding techniques and designs used in fab- 
ricating and assembly. Profusely illustrated with scores 
of application drawings; weld diagrams; tables contain- 
ing latest information on melting temperatures, tensile 
strengths, corrosion factors ;charts; alloy recommenda- 
tions; etc. Convenient digest size. 
This just-off-the-press book is “must” reading for anyone 


engaged in defense production and design, and will 
certainly be time profitably spent for any production man. 


...The unbelievable savings in metal-joining which can now be yours 
through the use of “Low Temperature Welding Alloys”® discovered a 
few years ago and now used in over 78,000 industrial plants throughout 
America for more efficient metal-working production as well as for 
salvaging irreplaceable tool and machine parts. 


Over 100 different, new, EUTECTIC Low Temperature WELDING ALLOYS® and 
EUTECTOR® Fluxes are job-engineered for use on ALL metals — cast iron, alloy steels, 
aluminum, copper and nickel alloys, die castings, overlays, etc., and may be applied with 
ALL heating methods — torch, arc, furnace, induction heating, etc. 


SEND FOR YOUR COPY TODAY! 
EUTECTIC WELDING ALLOYS CORPORATION 
172nd Street at Northern Boulevard * Flushing, New York, N.Y. 
EUTECTIC WELDING ALLOYS CORPORATION 


wi-1 (635) 172nd St. & Northern Blvd., Flushing — New York, N. Y. 


This new manual of yours sounds like a very helpful book. Send me a FREE copy i 
with the understanding that there will be no cost or obligation now or later. 


Signed 


Firm 
Address ——— Zone. i 
City State 
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SECTION AND 


Stainless Steels 


Baltimore, Md.—N. (Nick) C. Jessen, 
AWS, Babcock & Wilcox Co., Barberton, 
Ohio, gave @ clear-cut, interesting, though 
highly technical, talk on “The Welding of 
Low-Alloy and Stainless Steels,’ at the 
Nov. 16, 1951, meeting of the AWS 
Varyland Section, held at the Engineers 
Club, this city. Miss Amy Winslow, Di- 
rector of the Enoch Pratt Free Library, 
Kaltimore, was the coffee speaker. Her 
talk on “Are You Getting the Most out of 
Your Publie Library?” was very well re- 
ceived and she was questioned at some 
detail. 

Prior to the dinner the “Preheating with 
Cocktails” period was held. Following 
the technical session, light refreshments 
were served. This period always brings 
forth a great deal of additional discussion 
with the speaker and with other members 
present 


Low-Alloy Steels 


Bethlehem, Pa.—Sidney Low, AWS, 
Registered Professional Engineer, Chap- 
man Valve Mfg. Co., Indian Orchard, 
Mass., was the guest speaker at the Dee. 
4, 1951, meeting of the AWS Lehigh Valley 
Section held at the Hotel Bethlehem. Mr. 
Low's illustrated technical talk was on 
“The Welding of Low-Alloy Steels.” 

An educational talk by W. D. Price, Air 
Reduction Sales Co., and E. Benyo, Beth- 
lehem Steel Co., on “Flame Cutting,” 
was an after-dinner feature. 


Symposium 


Bridgeport, Conn.—R. A, Lalli, AWS, 
President of The R. A. Lalli Co., this 
city, and C. BE. Lane, Sales Engineer of 
Electroloy Co., also this city, were the 
guest speakers at the steak dinner meeting 
of the AWS Bridgeport Section held on 
‘Thursday, Nov. 15, 1951, in Shelton, Conn. 
Mr. Lalli’s subject was the “Welding of 
Jigs and Fixtures for the Aireraft In- 
dustry.” Mr. Lane's subject was “Tool- 
ing for Resistance Welding.” 

Coffee speaker was Thomas Burkhard, 
Sales Mgr., Mitchell Dairy, Bridgeport, 
a subsidiary of The Borden Co, His sub- 
ject, from down on the farm, a “Suecess 
Story of Elsie the Cow.” 

Harold Grosberg, AWS, Welding Supt., 
Farrel Birmingham Mfg. Co., gave a re- 
port on the 1951 Annual Meeting and 
Metal Show held in Detroit. 


Production Fixtures 


Buffalo, N. Y.—Cecil C. Peck, AWS, 
President of Cecil C. Peck Co., Cleveland, 
Ohio, described “The Use of Fixtures in 
Production of Weldments,” to 81 AWS 
members and guests at the Nov. 29, 
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as relayed to C. M. O’Leary 


1951, meeting of the AWS Niagara Fron- 
tier Section held at the Sheraton Hotel, 
this city. A buffet supper was enjoyed 
by 69 AWS members and guests before 
the meeting. 


Ferrous Welding Metallurgy 


Chicago, Ill.—Dr. R. H, Aborn, AWS, 
Assistant Director of Research, U. 8. 
Steel Co., Kearny, N. J., presented a very 
interesting, though highly technical, ad- 
dress on “Recent Aspects of the Metal- 
lurgy of Ferrous Welding,” before the 
AWS Chicago Section. Fighty-two AWS 
members and guests saw an excellent 
high-speed film of are behavior with sev- 
eral different classes of electrodes. For 
those interested in the value of such a film, 
it is highly recommended as it contains the 
most effective photography of arc be- 
havior seen in a long time. The film and 
Dr. Aborn’s delivery held the audience 
right up to the very end. 

As an innovation and general interest 
activity there was shown a film on “Sport 
Flashes."’ Al) this activity was held in 
Burke’s Grill & Restaurant on Friday, 
Nov. 16, 1951. 

This Section has set up an interesting 
program for the year covering various as- 
pects of welding. For example, on Jan- 
uary 18th the featured talk will be on 
“Design of Welded Piping’; on February 
18th “Inert Gas-Shielded Are Consum- 
able Electrode Welding’; March 21st 
“Resistance Welding”; April 18th “Braz- 
ing for High Temperature Service”; May 
16th “Inspection of Weldments.”’ All of 
these featured addresses will be delivered 
by prominent people in industry. 


Quality Control 


Cleveland, Ohio.—Paul Setzler, engi- 
neering consultant for the Baldwin-Lima 
Hamilton Corp., with welding engineering 
experience in responsible positions with 
Lukenweld and Lincoln Electric, discussed 
the subject “Quality Control in Weldment 
Manufacture” at the Wednesday, Novem- 
ber 14th, dinner meeting of the AWS 
Cleveland Section held at the Allerton 
Hotel, this city, Mr. Setzler discussed 
the subject from three approaches: de- 
sign, manufacture and inspection. While 
inspection was important, the speaker 
emphasized that design and procedure 
were of paramount importance. Mr. 
Setzler pointed out that good design is the 
first requirement of a good weldment. The 
next requirement is good shop practice. 
Finally, properly qualified operators who 
understand the procedure and whose per- 
formance is adequately supervised is the 
last requirement. Slides and examples 
were used to illustrate Mr. Setzler’s talk, 
which was followed by a question period. 


Section News and Events 


The coffee speaker on this occasion was 
Mike Shane, well-known Cleveland Sec- 
tion past-chairman and at present member 
of the Board of Directors. Mike's talk 
was titled “From the Ponderable to the 
Imponderable” and was an easily under- 
stood exposé of such imponderable phe- 
nomena as the preservation of the butter- 
fly species in Leipsig, Germany, although 
the process was made difficult by the ini- 
tial separation of the components by many 
kilometers. In order not to stray too far 
afield from welding interest, Mike indi- 
cated the importance of the elusive elec- 
tron in are welding and clearly explained 
the imponderable function of the electron 
in are welding. 


Resistance Welding Applications 


Columbus, Ohio.—J. H. Cooper, AWS, 
Chief Sales Engineer, Taylor-Winfield 
Co., Warren, Ohio, addressed 55 members 
and guests at the November {th dinner 
meeting of the AWS Columbus, Ohio Sec- 
tion, on the subject “Special Resistance 
Welding Applications."” Mr. Cooper's 
extemporaneous, illustrated talk, though 
nontechnical, was of general interest to 
all. This meeting was arranged and con- 
ducted by the Student Branch of the AWS 
Columbus Section located at Ohio State 
University. 


Metallurgy 


Dallas, Tex.—Anton L. Schaeffler, 
AWS, Metallurgist, Welding Research, 
Allis-Chalmers Mfg Co., Milwaukee, Wis., 
was the speaker at the AWS Dallas Sec- 
tion dinner meeting held on Wednesday, 
Nov. 14, 1951. Mr. Schaeffler presented 
an illustrated talk on Metallurgy for 
Welders and Supervisors—Postheat and 
Preheat.” Following his talk refresh- 
ments were served all around, 


Jigs and Fixtures 


Denver, Colo.—A. N. Kuger, AWS, 
Mechanical Engineer, Technical Sales 
Dept., Air Reduction Sales Co., New York, 
talked on “Jigs and Fixtures for Welding” 
at the Tuesday, Nov: 13, 1951, dinner 
meeting of the AWS Colorado Section, 
held at the Oxford Hotel, before 46 AWS 
members and guests. Mr. Kugler’s talk 
was semitechnical and covered methods 
and applications. This is an interest- 
arousing subject. Mr. Kugler, Stevens 
Institute of Technology, 1925, is a licensed 
Professional Engineer in both New York 
and New Jersey and member of AWS, 
ASME, ASTE and AVA. He used slides 
for illustrating his talk. A film, ‘The 
Land of the Ineas,”’ was shown after the 
meeting. 
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Welded Design Elements 


Detroit, Mich.—-Charlie Gehringer, 
Manager of the Detroit Baseball Club, at- 
tracted one of the largest dinner groups 
with his talk on “Welding a Ball Club,” 
highlighting the behind-the-scenes efforts 
in developing a winning team, at the AWS 
Detroit Section meeting held on Friday, 
Nov. 16, 1951 

The featured speaker at the technical 
meeting was Leon C. Bibber, AWS, Weld- 
ing Engineer, U. 8S. Steel Co., Pittsburgh, 
whose address was entitled “Elements of 
Welded Design.”” Mr. Bibber considers 
the design as the most important single 
tenet in welding. He believes design fail- 
ures to be more frequent than weld fa ‘lures 
Mr. Bibber pointed out that if design is 
proper, a weld would probably stand up 
with moderately poor welding, whereas if 
design is wrong the weld will be wrong in 
spite of the best welding. Frequent slides 
were used to show the various types of 
weld joints with examples of both good and 
bad design and to illustrate the futility of 
attempting to correct bad design by good 
welding. 


Arc Welding Redesign 


Erie, Pa.—Charles Lytton, AWS, and 
Charles Richardson, AWS, District Man- 
agers of The Lincoln Electric Co., were the 
speakers at the Tuesday, October 23rd, 
meeting of the AWS Northwestern Pennsyl- 
vania Section held at Soudan’s Restaurant, 
this city. Their talk on “Redesign for Arc 
Welding” was accompanied by a film en- 
titled “Designing Machinery for Are 
Welding,” both of which were well re- 
ceived. 


Maintenance Welding 


Erie, Pa.—Lew Gilbert, AWS, Editor 
of Industry and Welding, talked on “‘Main- 
tenance Welding” at the Wednesday, 
November 2Ist, meeting of the AWS 
Northwestern Pennsylvania Section held at 
the General Electric Community Center, 
this city Mr. Gilbert gave a clear-cut, 
interesting talk on the subject and pre- 
sented new facts and methods. 

Following the technical session, a film 
and travel talk on the “International Boy 
Scout Jamboree in Austria’’ was presented 
by Fred T. Perry, Jr., AWS, of the General 
Electric Co. This was thoroughly en- 
joyed by all. 


Better Designing 


Ft. Wayne, Ind.—Leslie 8S. MePhee, 
AWS, Welding Supervisor of the Whiting 
Corp., Harvey, Ll, covered all phases of 
problems encountered in engineering and 
designing welded heavy structural work to 
small weldments and subassemblies, at 
the Friday, Nov. 16, 1951, meeting of the 
AWS Anthony Wayne Section held at 
Indiana Technical College. He stressed 
the importance of better designing of weld- 
ing products to make easier welding and to 
lower costs. A great number of slides were 
shown through the courtesy of the Whiting 
Corp. on heavy structural work in travel- 
ing cranes and the success of keeping down 


JANUARY 1952 


Arcos Low Hydrogen Electrodes replace 


Stainless for sound armor welds 
For over a year, Arcos Low Hydrogen Electrodes 


ARCOS have been successfully producing sound welds on 
LOW HYDROGEN armor that meet the most critical specifications. 
ELECTRODES This practical application has proved how quantities 
Tensilend 70 of scarce nickel and chromium can now be saved 
Tensilend 100 to meet other urgent defense requirements. 
Tensilend 120 Since 1942 Arcos has produced low hydrogen 
Manganend 1M electrodes to the same rigid quality controls applied 


Manganend 2M 
aabend & to Stainless. Now offering the most complete selec- 


Cieemen oe tion in the low hydrogen field, Arcos electrodes 
Chscmssnd Che assure you of consistently uniform welding perform- 
ance on armor as well as on industrial applications. 


ARCOS CORPORATION 
1500 South SOth Street + Philadelphia 43, Penna. 


WELD WITH 


Specialists in Stainless, Low Hydrogen and Non-Ferrous Electrodes 
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“buckles” and warpage in these parts. 
The AWS film, “Applied Welding Engi- 


gineering,’’ was shown and well received. 


Resistance Welding 


Grand Rapids, Mich.—Jack Ogden, 
AWS, Fisher Body Division, General 
Motors Corp., Detroit, Mich., in a not too 
technical talk brought out some very use- 
ig fat ful points on resistance welding, at the 
Noy. 26, 1951, meeting of the AWS West- 
te . | i ern Michigan Section held in the Elks Club 
we Ng resu ts 7 ¢ Cafeteria, this city. Some 61 AWS mem- 
bers and guests spent a profitable evening 
a listening to Mr. Ogden’s lecture which 
: ; was accompanied by slides. His subject 
was “Multi-Spot Welding in the Automo- 
tive Industry.” 

The usual well-prepared meal was en- 
joved by some 50 members and guests be- 

fore the meeting. 


Electrodes 


Hartford, Conn.—Charles T. Posey, 
AWS, Field Engineer, Arcos Corp., Phila- 
delphia, Pa., gave an extemporaneous talk 
to the AWS Hartford, Conn., Section at its 
Nov. 8, 1951, dinner meeting. Mr. 
Posey’s excellent talk on the “Develop- 
ment of Low-Hydrogen Electrodes,’ was 
semitechnical and covered new methods 
and applications as well as research. 


Metallurgy 


Houston, Tex.—Anton L. Schaeffler, 

AWS, Metallurgist, Welding Research, 

Allis-Chalmers Mfg. Co., Milwaukee, 

quality control tests before you receive them Wis., gave an extemporaneous talk to 142 
AWS members and guests present at the 

November 15th dinner meeting of the 


Every time you weld with Stainless Electrodes, you want to be AWS Houston Section held at the Bem 
sure that the weld metal produced will be consistently of the Milam Hotel, this city. Mr. Schaeffer's 


remarks on “Simplified Metallurgy for 
highest quality — physically, chemically and metallurgically. Welders and Welding  Tremersanet | were 


Getting results like these can be guaranteed only through research in content and excellent in qual- 
constant testing and retesting of every batch of electrodes ity. Many guests at the session had come 


eae = a distance to hear Mr. Schaeffler point out 
manufactured. Arcos control specifications are the most rigid 


in the industry, and that’s why every Arcos Stainless Electrode and the remedies therefor. A question 

you use will deliver improved welding performance at lower period followed and additional problems 

: were discussed. This was one of the most 

welding costs. successful and well-attended meetings held 
to date. 

ARCOS CORPORATION During the social part of the meeting 

1500 South SOth Street + Philadelphia 43, Penna. —— held before dinner the members and guests 

had an opportunity to view a movie, 

sponsored by the Humble Oil and Re- 


| fining Co., of the 1951 Cotton Bow! foot- 
ball game. 
The meeting opened with reports from 


various committees, Arrangements are in 
the making for the forthcoming television 
show this spring. After these announce- 
ments a presentation of the Society's 
Membership Plaque, awarded to the 
Houston Section for the largest number of 
new members during the 1950-51 season, 
was made to the Section. Obert Nordin, 
who had received the plate at the Annual 
Meeting of the AWS in Detroit, made the 
presentation. The Section is proud of this 
honor and the membership committee 
will do its best to see if they can keep the 
plaque another year. They are going 
along with their plan of inviting college 


Specialists in Stainless, Low Hydrogen and Non-Ferrows Electrodes © students as guests to the meetings and 
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hope that these boys will be a nucleus for 
starting a student chapter later this spring 


Resistance Welding 


Indianapolis, Ind.—Frank L. Brandt, 
AWS, Asst. Sales Mgr., Thomson Electric 
Welder Co., Lynn, Mass., talked extem- 
poraneously on “Resistance Flash Butt 
Welding,” at the Nov. 23, 1951, meeting 
of the AWS Indiana Section, held at 
Buckley’s Restaurant, Cumberland, Ind. 
Mr. Brandt’s talk was semitechnical and 
covered new information on the subject 
Slides were used to illustrate his remarks 
and, allin all, it was an excellent presenta- 
tion. 

Following a lively and interesting ques- 
tion and answer session, samples of flash 
butt welding were displayed for detailed 
examination. 


Metal Spraying 


Louisville, Ky.—R. J. McWaters, AWS, 
Sales Manager, Metallizing Engineering 
Co., Inc., of Long Island City, N. Y., 
clearly indicated there is no conflict be- 
tween welding and metal spraying in his 
talk given before the November 27th 
meeting of the AWS Louisville Section 
Mr. McWaters’ subject was the “Basic 
Principals of Metal Spraying’ and he 
pointed out the limitations of both welding 
and metal spraying and illustrated his 
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talk with slides indicating various usages 


of metal spraying. 


Tooling for Automatic Are 
Welding 


Milwaukee, Wis Cecil C. Peck, AWS, 
President, Ceci] C. Peck Co., Cleveland, 
Ohio, in his talk before the AWS Milwau- 
kee Section on Nov. 16, 1951, at the Am- 
bassador Hotel, this city, on the subject 
“Tooling for Automatic Are Welding,” 
pointed out that wherever large scale pro- 
duction is achieved, it is almost inevitably 
linked with automatic, operations and pro- 
cedures Automatic arc welding has be- 
come a significant factor in metal product 
fabrication. Its development is the result 
of efforts to adapt are welding to large- 
scale production. The speaker's fine 
sense of humor and his numerous anecdotes 
made the presentation doubly enjoyable 
His many slides, portraying the vast field 
covered and the many ingenious jigs and 
fixtures, were “eve openers’ to those 
whose work does not include this type of 
welding. Mr Peck’s company was formed 
in 1944 for the purpose of engineering and 
designing tools, jigs, fixtures and equip- 
ment for high-speed automatic welding of 


all kinds 


Jigs and Fixtures 


Minneapolis, Minn.—Leslie 8. McPhee, 


Patents 1.87% 


11% — 13'2% 
Manganese-Nickel Steel 


ROUND 
APPLICATOR BARS 


last 
yew Ones! 


MANGANAL replaces worn metal faster and 
more economically 

MANGANAL workhardens up to 550 Brinell 
under the most severe impact and abrasion 
MANGANAL is the toughest metal known not 
harmed by heat 

12 SIZES are available for all conditions of wear 
Attach with MANGANAL Bare or Special Tite 
Kote Electrodes for greatest strength. longest 
wear 


TULZ-SICKLES CO. 
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AWS, Welding Supervisor, Whiting Corp., 
Harvey, Ill., gave a very interesting and 
enlightening talk on “Jigs and Fixtures 
and Fabricating Cost Control’ at the 
Monday, November 12th, meeting of the 
AWS Northwest Section meeting. 

John “‘Andy” Anderson and fellow as- 
sociates of The Minnesota Welding Supply 
Co. played host to 80 AWS members and 
guests at this meeting which was held at 
The Covered Wagon, this city. A thor- 
oughly enjoyable evening was had by 
all, 


Welded Heavy Castings 


Newark, Nx J.—R. A. Pomfret, AWS, 
Bethlehem Steel Co., Shipbuilding Divi- 
sion, Quincy, Mass., spoke extemporane- 
ously at the Nov. 20, 1951, meeting of the 
AWS New Jersey Section, on the use of 
welding in the production of very heavy 
castings primarily for ship construction 
He stated that some heavy castings are 
difficult to economically produce due to 
the taper required on long cylindrical sec- 
tions, thin sections not capable of carrying 
metal to heavier sections during castings 
and excessive machining on large castings 
He described an economical method of ob- 
taining the final unit by making a series of 
two or more greatly simplified castings 
and joined by any of the well-known weld- 
Ing processes 

An added feature of the meeting was the 
showing of a Navy Department film en- 
titled, “With the Marines—-Chosin to 
Hungnan.” 


Steels 


Oklahoma = City Okla.—Anton L 
Schaeffler, AWS, Research Engineer of 
The Allis-Chalmers Mfg. Co., Milwaukee 
Wis., gave an interesting talk on major 
factors to be considered when welding 
mild steel, high-strength steel, stainless 
steels and dissimilar steels, at the Tuesday 
Nov. 13, 1951, meeting of the AWS 
Oklahoma City Section held at the Biltmore 
Hotel, this city 

Refreshments were served following Mr 
Schaeffler’s talk to 40 AWS members and 
guests present 


Navy Boats 


Pascagoula, Miss.—‘‘Welding of L.S 
T.’s’’ was the subject of the extemporane- 
ous talk given by Lt. Frank Sandner, 
Supervisor of Shipbuilding, United States 
Navy, at the Wednesday, Nov. 14, 1951 
meeting of the AWS Pascagoula, Miss 
meeting held at the American Legion Post, 
this city Fifty-six AWS members and 
guests were benefitted by this talk and the 
motion picture which accompanied it 


Welding in America 


Peoria, Ill.—An inspiring extemporane- 
ous one-hour talk of nontechnical nature 
on “What Welding Means to America,’ 
treating with methods and applications, 
was given by T. B. Jefferson, AWS, Dis- 
trict No. 4 Vice-President and Editor of 
The Welding Engineer, to 45 of the AWS 
Peoria Section members and guests fol- 
lowing a dinner in the Sazarac Restaurant 
this city, on Nov. 21, 1951 
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How to Reduce Costs 


Phoenix, Ariz.—S. H. Taylor, AWS, 
West Coast Manager of the Lincoln Elec- 
trie Co., Cleveland, Ohio, told the AWS 
Arizona Section on Wednesday, November 
2ist, what constitutes the welding dollar; 
power being 2 cents, electrode 6 cents, 
labor 46 cents and overhead 46 cents. 
Since power and electrode costs represent 
such a small part of the dollar, Mr. Taylor 
said every effort should be made to make 
labor more efficient and productive. He 
informed those present how larger elec- 
trode sizes, higher current densities, higher 
operating factors, accurate fit-up and dis- 
tortion control would lower these labor 
and overhead costs very realistically. His 
informative and thought-provoking talk 
resulted in a lively post-talk discussion, 
chiefly covering the development and ap- 
paratus of low-hydrogen electrodes. 

To conclude the meeting a sound film, 
entitled “Helpful Henry,” was shown 
through the courtesy of the O. 8. Stapley 
Co., Arizona representative of the Inter- 
national Harvester Co. The film was 
clever and entertaining. 


Semiautomatic Process 


Pittsburgh, Pa.—Charles H. Jennings, 
newly elected AWS President, gave a few 
brief remarks at the Wednesday, Oct. 24, 
1951, meeting of the AWS Pittsburgh Sec- 
tion, in his first talk before a Section since 
his recent election as President. 

Featured speaker of the technical session 
) was J. M. Tippett, Manager, Unionmelt 


Eastern Region, Linde Air Products Co., 
New York, who discussed the semiauto- 
matic process, or hand-operated units, as 
applied in the steel industry. Mr. Tippett 
also discussed the use of Sigma or inert 
shielded-gas welding as applied to the 
welding of aluminum, aluminum-bronze 
and other alloys as well as the progress 
made in steel fabrication. He covered the 
use of submerged are welding of all steels 
and its application to the general steel 
fabrication, the steel industries and found- 
ries. One hundred twenty-four AWS 
members and guests were present at the 
meeting held at Mellon Institute and 64 
were present at dinner held in the Hotel 
Webster Hall. 


Stainless High-Alloy Steels 


Portland, Ore.—Jim Gow, AWS, Chief 
Metallurgist, Electric Steel Foundry Co., 
Portland, talked on an extremely timely and 
practical subject, “Types, Availability and 
Metallurgical Factors Affecting the Weld- 
ability of Stainless High Alloy Steels” at 
the Tuesday, November 13th, meeting of 
the AWS Portland Section meeting held at 
the Mallory Hotel, this city. The evening 
was an example of just how much informa- 
tion and knowledge could be obtained in a 
short space of two and a half hours. The 
audience participated in the discussion 
which followed. 

Also well received was the official AWS 
film, entitled “Applied Welding Engi- 
neering,” with sound recording: and a 
short discussion by Elmer C. Thylin, AWS, 
of the Thermit Dept. of the Metal & 


Thermit Corp., on the process for Thermit 
welding, what kind of structures were 
practical for this type of welding and de- 
tails of how it was done. 


Hard Facing 


Mich.—W. P. Clark, Presi- 
dent, Wall Colmonoy Corp., Detroit, 
Mich., described new applications of the 
hard facing process, at a meeting of the 
AWS Saginaw Valley Section held on 
Thursday, Nov. 8, 1951, in Frankenmuth, 
Mich., at the Zehnder’s Hotel. Mr. 
Clark used slides and gave a demonstra- 
tion in connection with his extemporane- 
ous talk, 

An after-meeting feature was the show- 
ing of a film, entitled “Buck Fever,” 
shown through the courtesy of the Michi- 
gan Department of Conservation. 


Saginaw, 


Joint Corrosion Panel 


St. Louis, Mo.—The National Associa- 
tion of Corrosion Engineers and the St 
Louis Section, AWS, on Nov. 9, 1951, 
joined in a panel discussion of “Welding 
for Corrosion Service in Chemical and Al- 
lied Industries.””. This was a live activity 
built around questions submitted by AWS 
members and St. Louis supporting com- 
panies. Two important phases of corro- 
sion problems were discussed, that of weld- 
ing corrosion resisting steels and the 
proper application of various alloys in the 
chemical and allied industries. Frank 
Whitney, Monsanto Chemical Co., Phil 
Smith, AWS, Nooter Corp., Russ Royer, 


Now... 
ER -ARC-DRIVE CONTROL 


Designed to carry the high currents necessary for intense heat, 
BBB Keen-Arc Carbons produce a fine-grained weld of high 
tensile strength. They give a smooth, steady “flowing” flame 
which does not wander and which is concentrated ot the desired 
focal point. Flame temperature is easily and accurately adjusted 
by merely changing the ampere input, and heavy copper cooting 
permits gripping ot extreme ends—eliminates frequent and peri- 


odic resetting. 


A COMPLETE LINE OF CARBON WELDING SUPPLIES including carbon 
and graphite electrodes, carbon rods and plates, welding paste, etc. 


Write for catalog. 


BECKER BROTHERS CARBON CO. 


3450 South 52nd Ave 


Cicero 50, Illinois 
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Westinghouse RA Welders with new 
positive arc-drive control now prevent 
shorting when used on “drag” welding 
applications. In addition, they allow com- 
plete penetration on root passes of vertical 
and overhead welds. Arc-drive control is 
obtained by adjusting the ratio of short- 
circuit current to welding current without 
changing open-circuit voltage. Actual 
amount of arc-drive current can be varied 
by the operator. 

For information on this improved RA 
Welder or other Westinghouse Welding 
Equipment, write Westinghouse Electric 
Corporation, Dept. DC 85, Welding Divi- 
sion, Buffalo, New York. J-21607-C 
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it too! 


New AMSCO “Wear-Sharp” repointer holds a straight 
This edge as it wears ...and stays sharp longer! 


new catalog Here’s a new tooth repointer that is just what you've been looking for... 
can help you the AMSCO “Wear-Sharp”, and it does exactly what the name implies. 
save money on Note the groove design on this new repointer shown above. 

The outside and end grooves are AMSCOATED with Amsco 
Hardfacing Electrodes specially recommended for this purpose, 
while the inner grooves are left as they are. Result? 


repair costs .. . 


It's packed with information on the 
new “Wear-Sharp”—and the entire 
AMSCO Weldment line. Complete The Amscoated grooves wear slower, thus equalizing wear along 
with installation instructions and 
helpful hints on welding. Be sure to the entire cutting edge and making the point stay sharp longer. 
ask for your free copy. Rounded, blunted corners that cut digging efficiency and waste 
AMSCO “Wear-Sharps” are available power are completely eliminated for the life of the repointer! 
in two quickly and easily installed 
The “Wear-Sharp” is already setting new records in service life 
a and digging efficiency. For example, an Eastern mine reports 
6 times longer service than any repointer ever used before. 
The next time your dipper teeth need repointing, try 
the new “Wear-Sharp”’! Write today for illustrated catalog shown 
pageants Straight Back at left—and name of your nearest AMSCO Distributor. 
For application For application : 
to worn tooth after worn tooth 
with minimum is beveled. 


fitting. 
U S. Patent No. 2,247,202 AM SCO WELDMENTS 


THE RIGHT WAY TO MAKE REPAIRS 


Other Plants: New Castle, Del., Denver, Oakland, Cal., Los Angeles, St. Louis. In Canada: Joliette Steel Division, Jolette, Que. 
Amsco Welding Products distributed in Canada by Canadian Liquid Air Co., Ltd. 
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MODEL 
S-15-A 


A new concept in multiple trace 
oscilloscopy made possible by 
Waterman developed RAYONIC 
rectangular cathode ray tube, pro- 
viding for the first time, optional 
screen characteristics in each 
channel. S-15-A is a portable twin 
tube, high sensitivity oscilloscope, 
with two independent vertical as 
well as horizontal channels. A 
“must” for investigation of elec- 
tronic circuits in industry, school, 
or laboratory. 


Vertical chonnete: 10mv rms/inch, with response 
within —2DB from DC to 200kc, with pulse rise 
of 1.8us. Horizontal channels: Iv rms/inch 
within —2DB from DC to 150kc, with pulse rise 
of 3us. Non-frequency discriminating attenu- 
etors and gain controls, with internal calibra- 
tion of traces. Repetitive or trigger time base, 
with linearization, from VYacps to 50kc, with 
+ sync. or trigger. Mu metal shield. Filter 
graph screen. And a host of other features. 


/ATERMAN PRODUCTS 0., INC. 


PHILADELPHIA 25, PA. 
CABLE ADDRESS: POKETSCOPE 


ATERMAN PRODUCTS INCLUDE: 

SAR 

LAB 
$-10-8 GENERAL 
$-11-A INDUSTRIAL 
($-14-A HIGH GAIN 

14-B WIDE BAND 


Also RAKSCOPES, LINEAR 
AMPLIFIERS, RAYONIC® TUBES © 


_WATERMAN PRODUCTS 


| AWS, Midwest Piping & Supply Co., and 
Richard Weeks, She! Oil Co., all immeasur- 
ably contributed to this discussion, guided 
by Ernie Meier, former chairman of the 
AWS St. Louis Section, acting in the 
capacity of moderator. Ninety AWS 
members and guests gained a lot from this 
meeting. 

The St. Louis Section also stepped out in 
the front by forming one of the first ‘‘Past- 
Chairmen’s Clubs.” This is an activity 
recommended to all Sections of the AWS 
as it provides automatic appointment to 
this honorary club of al] past and future 
chairmen. This elite group acts as an ad- 
visory organization to all future executive 
committees. Neil Stueck, J. Elmo Brewer 
and Robert E. O’ Niel] were indoctrinated 
as new members of the executive com- 
mittee, succeeding C. Herb Armstrong, 
Henry Weigel and DeWitt T. Harrelson 
to whom was acknowledged a debt of 
gratitude and appreciation for their faith- 
ful service as chairmen in previous years 
as well as members of the executive com- 
mittee. 


Gas-Shielded Are Welding 


Salt Lake City, Utah.—A joint meeting 
of the Utah Chapter, ASM, and the AWS 
Salt Lake City Section, on Thursday, Nov. 
29, 1951, was addressed by E. R. Behnke, 
Laboratory Division Head, Linde Air 
Products Co., Newark, N. J., on the sub- 
ject “New Developments in Gas-Shielded 
Are Welding.” Mr. Behnke’s remarks 
were illustrated with slides and a high- 
speed (14,000 frames per second) motion 
picture of the Sigma welding process. Mr. 
Behnke is in charge of Heliare apparatus 
development and also supervises labora- 
tory participation in field promotion of gas- 
shielded arc-welding applications, 

One hundred and seven members and 
guests of both societies were very much 
interested in Mr. Behnke’s talk. 


Railroad Shop Tour 


South Bend, Ind.—The New York 
Central Elkhart Shops provided an en- 
joyable plant tour for 30 AWS members 
and guests of the AWS Wichiana Section 
on Oct. 25, 1951. While the night crew 
was relatively small, it was very interest- 
ing to see the welding methods used to re- 
pair the “iron horses.”’ 


Aircraft Resistance Welding 


South Bend, Ind.—Joseph J. Riley, 
AWS, Chief Electrical Engineer for the 
Taylor-Winfield Corp., Warren, Ohio, 
spoke on “Applications of Resistance 
Welding in the Aircraft Industry,” at the 
Nov. 19, 1951, meeting of the AWS 
Michiana Section. Using a multitude of 
slides, Mr. Riley showed many types of 
weldments made by spot, seam or flash 
welding. 


Brazing Demonstration 


Springfield, Mass.—“Oxyacetylene 
Brazing of Cast Iron’’ was the subject of 
the very interesting talk and demonstra- 
tion given by L. H. Hawthorne, AWS, 
Welding Engineer, Revere Copper «& 


Section News and Events 


WAGNER 


ELECTRODE HOLDERS 


The perfect team- 
mate for WAGNER 
GROUND CLAMPS 


RESIST ARC HEAT 


Copperhead Tip Insulation oper- 
ate near 6,000° heat. 


Patented channel construction 
flushes heat radiation twice as 
fast. 


FULL CURRENT DELIVERED 


Wagnerloy Construction results in 
high conductivity, longer service. 


350 W. Ist SOUTH ST. 
JACKSON, MISSOURI 


Brass, Inc., Rome, N. Y., at the Tuesday, 
Nov. 13, 1951, meeting of the AWS Wesi- 
ern Massachusetts Section held at Jaerger 
Welding Supply Co., this city Mr. 
Hawthorne brazed a transmission of a 
truck for the demonstration 
followed with keen interest. 


which was 


Maintenance Welding 


Syracuse N. Y.—Lew Gilbert, AWS, 
Editor of Industry and Welding, described 
the use of maintenance welding for in- 
stallation and repair of equipment in in- 
dustries not normally associated with 
welding, at the September meeting of the 
AWS Syracuse Section. The applications 
of welding in breweries, rubber factories 
meat packing plants and candy factories 
were used as illustrations. 


Television Plant Tour 


Syracuse, N. Y.—Harry Wolfe, AWS, 
chairman of the AWS Syracuse Section 
was host to the AWS members who visited 
the Electronics Park Plant of the General 
Electric Co. in October. After a fine 
tenderloin steak dinner, the operation of a 
television tube plant was described. The 
assembly of tubes is a closely controlled 
operation. Of particular interest was the 
resistance welding of very smal] parts 
made from alloys and glass. An extra 
feature of the tour was a demonstration of 
electronic color television. 
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WELDER 


There's lot of peneath-the-surface’ quality in 
itchen Cat inets - - and spot welding plays 4 
in their sturdy construction and beautiful 

i lity and continuous 

resistance welder 


timer construction, using dependable 
ing relays, assures easy inspection and 
maintenance: sYNCRO-BREAK contactors are especial- 
ly suited for use with production welders which must 
operate over a wide range © 
cycles. Synchronized opening of the contact tips 


eliminates arcing and permits higher current ratings. 


Square D also offers electronic contactors and timers 
for jobs requiring unusually short and precise timing, 
high welding currents, OF high speeds. 


letin 211 and Class 8991 Bulletin 210, 
Square D CO’ pany, 4041 N. Richards Street, Milwaukee 12, Wisconsin 


ADA LTD., TORONTO SQUARE D de MEXICO, MEXICO city, F. 
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your problems. Write for information. 


The World's Finest Fluxes . . . 
For soft or hard soldering and brazing, ferrous and non-ferrous 
metals. There's a KWIKFLUX for every production need. Our 20 
years experience and know-how in peacetime and wartime produc- 
tion improvements are at your service without obligation. Send us 
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Rigid Frame Design 


Syracuse, N. Y.—Martin P. Korn, 
AWS, consulting engineer of Dearborn, 
Mich., has had about 45 years’ experience 
in building and designing rigid frames. At 
the November meeting of the AWS Syra- 
cuse Section, Mr. Korn described many of 
the interesting projects with which he has 
been associated. He pointed out that 
rigid frame designed structures allow a 
saving in headroom, lower walls, lower 
heating costs and lower ventilating costs. 
When welded rigid frames are used, con- 
siderable reduction in material cost are 
often realized. 


Welding Preparation 


Toledo, Ohio—Charles H. Jennings, 
National AWS President and Engineering 
Magr., Welding Dept., Westinghouse Elec- 
trie Corp., Buffalo, N. Y., presented new 
facts, new methods and new developments 
on the subject at the November 15th 
meeting of the AWS Toledo Section held 
at Toledo University. Mr. Jennings re- 
marks were clear cut and of general in- 
terest 


Resistance Welding 
Wichita, Kan.—W. R. Plummer, AWS, 


Vice-President, Progressive Welder Sales 
Co., Detroit, Mich., also the 1951 Lee- 
turer at the Educational Lecture Series 
held during the AWS Annual Meeting in 
Detroit, discussed the background for re- 
sistance welding, at a meeting of the AWS 
Wichita Section held on Monday, Sept. 
10. 1951. Design considerations for spot, 
projection and seam Welding, valuation 
of weld quality, getting the most out of re- 
sistance welding equipment and some 
techniques helpful with resistance welding 
were all covered in Mr. Plummer’s extem- 
poraneous remarks. 

Mr. Plummer has been active in the re- 
sistance welding field for 17 years. He 
joined Progressive in 1945, in the Planning 
Dept., was promoted to Chief Estimator 
in October of that vear and Chief Sales 
Engineer in 1947. With the formation of 
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the Progressive Welder Sales Co. he was 
appointed Vice-President in June 1950. 


Structural Rigid Frames 


Wichita, Kan.—‘‘Adventures in Rigid 
Frame Design”’ is the subject dearest to 
the heart of Martin P. Korn, AWS, Con- 
sulting Engineer, Giffels & Vallet, Ine., 
Detroit Mich., and, therefore, was the 
subject of his talk presented at the Wed- 
nesday, Oct. 3, 1951, meeting of the AWS 
Wichita Section. Mr. Korn outlined in 
simple language the structural behavior 
of the rigid frame and then illustrated his 
remarks by a fast-moving panorama, 
sketches and slides of living structures re- 
presenting Yesterday, Today and To- 
morrow. Riveted as well as welded rigid 
frames were reviewed with interest. 

Mr. Korn, member of the ASCE., is 
also a member of the AWS Committee on 
Building Codes. He has built and de- 
signed rigid frames since 1910. In addi- 
tion to numerous articles published in 
various magazines including the “‘Architec- 
tural Forum” Mr. Korn has contributed 
material to the AWS Welding Handbook. 
Prior to coming to Detroit, he was a con- 
sultant with offices in Buffalo and New 


York. 


Jigs and Fixtures 


Wichita, Kan.—A. N. Kugler, AWS, 
Mechanical Engineer, Air Reduction Sales 
Co., New York, gave a semitechnical, il- 
lustrated talk which was excellent in qual- 
ity, on the subject “Jigs and Fixtures for 
Welding” at the Monday, Nov. 12, 1951, 
meeting of the AWS Wichita Section. Mr. 
Kugler has had extensive experience in the 
welding of pipe for oil, gas, steam and 
water service. He has also participated in 
the development of multilayer oxyacety- 
lene welding of carbon molybdenum steel 
pipe. He is author of many papers on 
oxyacetylene and are welding subjects and 
has prepared a number of welded machin- 
ery designs. 


Welding Electrodes 


Worcester, Mass.—-“ Welding Electrodes”’ 
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was the subject of the talk given by 
Nicholas F. Kiernan, AWS, Metal and 
Thermit Corp., Newark, N. J., at the Oct. 
31, 1951, meeting of the AWS Worcester 
Section before an audience of 65 AWS 
members and guests. 

Through the courtesy of the Worcester 
Community Film Service a sound, color 
film was shown before the meeting. 


Stud Welding 


Worcester, Mass.—Allerton Towne, 
AWS, Field Engineer of the Nelson Stud 
Welding Division, Boston, Mass., spoke on 
the value of “Stud Welding”’ in industry 
at the November 28, 1951 meeting of the 
AWS Worcester Section held at the Tower 
House, this city. In addition to a very 
fine motion picture showing actual ap- 
plications of stud welding, Mr. Towne set 
up a portable stud welding set with twelve 
six-volt storage batteries as a source of 
power. The audience was permitted to 
try their hand at “shooting’’ a stud. A 
discussion period followed. 

The social hour was followed by a Pan 
American Airlines travelogue in color, and 
a feature entitled “Split Second Fasten- 
ings,”’ shown through the courtesy of the 
Worcester Chamber of Commerce. 

At the Executive Committee meeting of 
the AWS Worcester Section on December 
6th, it was voted to run a five night weld- 
ing course at the Worcester Trade High 
School to be held on Tuesday nights, 
March 18 to April 15, 1952. Subjects to 
be covered are: Welding Engineering, 
Metallurgy, Shop Practice and Welding 
Symbols. Mr. John Mortimer, AWS, 
Welding Engineer, Whitlock Manufactur- 
ing Co., is to run the course. 


Clad Steels 


Youngstown, Ohio—L. W. Williams, 
AWS, Manager, Technical Service, Lukens 
Steel Co., Coatesville, Pa., described the 
“Manufacture and Fabrication of Clad 
Steels” to the AWS Mahoning Valley Sec- 
tion on November 15th at a meeting held 
at El Rio Restaurant, Warren, Ohio. 
Mr. Williams’ excellent address was ac- 
companied with a motion picture film. 
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Welding Fellowships 


Two fellowships in metallurgy, each with 
an annual value of $3500, are available 
at Rensselaer Polytechnic Institute for 
graduate students who wish to pursue ad- 
vanced work in seams and spot welding. 

The fellowships have been established 
by the Welding Research Council, of New 
York City, and are to be awarded through 
Dr. Ernest F. Nippes, who directs welding 
research at the Institute. Applicants for 
the fellowships should get in touch with 
Dr. Nippes. Work may be started as soon 
as an award is made. 


A.S.M. Schedules First Mid- 


winter Meeting 


The American Society for Metals will 
hold its first Midwinter Technical Meet- 
ing at the William Penn Hotel, Pittsburgh, 
Thursday, January 3lst, and Friday, 
February Ist. 

W. H. Eisenman, A.S.M. National Sec- 
retary, said that the decision to hold a 
Midwinter Meeting as a supplement to the 
annual meeting of the National Metal 
Congress and Exposition was made by the 
Board of Trustees as a means of discussing 
highly important metallurgical develop- 
ments which could not be scheduled at the 
annual Congress because of time limita- 
tions, 

Five aspects of strategic metal con- 
servation and substitution will be dis- 
cussed by top experts who are devoting 
special energies to advancement in these 
fields 

Thursday morning, January 31st, four 
papers will be read and discussed bearing 
upon new researches into Titanium and 
Titanium Alloys. Ten of the country’s 
recognized authorities will be heard during 
this session, 

Thursday afternoon, ten metallurgical 
specialists will present five papers covering 
embrittlement of both iron and steel. 

A special A.S.M. Dinner will be a fea- 
ture of the two-day Midwinter meet, and 
will be held in the Grand Ballroom of the 
William Penn Hotel at six in the evening 
on Thursday. 

Following the dinner, another technical 
session will begin at 8 P.M. and will be 
devoted to the all-important subject of 
High Temperatures and Oxidation. Full 
discussions on this timely topic will follow 
the presentation of three papers by five 
leaders from government, industry and 
the teaching profession. 

Friday morning’s session at 9:30 will 
be devoted to metallurgy in the nonferrous 
field. Eight scientists from three leading 
universities and a government expert on 
light metals will deliver four separate 
papers covering as many technical prob- 
lems faced by the makers and users of 
light nonferrous metals. 
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Friday afternoon's meeting deals with 
the fundamentals of Transformation and 
Grain Size. Thirteen qualified authorities 
from both industry and the teaching pro- 
fession are scheduled to introduce new 
ideas as a result of their research and 
present tested methods for the study of 
transformation in metals. 

Headquarters of the A.S.M. Midwinter 
Meeting will be the William Penn Hotel, 
according to Eisenman. 


Schedule of 1952 ASTM National 
Meetings 


March 3-7: ASTM Spring Meeting and 
Committee Week. Symposium on Test- 
ing Metal Powders and Metal Powder 
Products, Cleveland, Ohio (Hotel Stat- 
ler) 

June 23-27: ASTM Annual Meeting 
Fiftieth Anniversary. Exhibit of Test- 
ing Apparatus and Laboratory Supplies, 
and Photographie Exhibit, New York, 
N.Y. (Hotels Statler and New 
Yorker). 


Flame Cutting Cast-Steel Risers 


Risers are removed rapidly from cast- 
steel spur gear blanks in a mid-western 
foundry. An Oxweld cutting blowpipe 
is used to cut off 14-in. wide risers at a 
rate of 5'/, in. per minute. The use of an 
oversize nozzle at a low-oxygen pressure 


for riser cutting has been found to produce 
smoother cut surfaces at higher speeds. 

The blowpipe is mounted on a mecha- 
nized cutting machine which rides on a 
circular,track plate. The cutting machine 
is guided by a radius rod attached to a 
permanently located center point. 

First, the risers are severed in the hori- 
zontal plane as shown in the photograph 
After this operation is completed, the 
riser feet shown on the periphery of the 
casting are removed with the same appa- 
atus. This requires merely relocating the 
cutting nozzle to the vertical position by 
adjusting the bevel cutting adaptor. 


Meeting of German Welding 
Society 


The German Welding Society ( Deutscher 
Verband fiir Schweisstechnik Ev.) has 
announced that its principal meeting 
in 1952 will be held in Essen, in conjunc- 
tion with the D.V.S. Exhibit on Welding 
and Cutting. 

The Exhibit is scheduled to open on 
Saturday, June 12, 1952, and will continue 
through Sunday, June 29th. It will be 
devoted to a comprehensive presentation 
of all phases of welding in fabrication 
and other applications. 

At the meeting, outstanding experts 
will report on welding as used in the ship- 
building, mining and chemical industries, 
as well as in machinery fabrication, steel 
construction and bridge building. 


Flame Cutting Cast Steel Risers 
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H. W. Gillett Memorial Lecture 
Established by ASTM 


The American Society for Testing Ma- 
terials has announced the establishment of 
an annual H. W. Gillett Memorial Lec- 
ture. The purpose of this lecture, which 
is being sponsored in cooperation with 
Battelle Memorial Institute, is to com- 
memorate Horace W. Gillett, who was 
one of America’s leading technologists, the 
first Director of Battelle in Columbus, 
Ohio, and an active worker for many years 
in ASTM 

The memorial lecture will be delivered 
annually at a meeting of the Soviety, the 
first to be given at ASTM’s 50th Anni- 
versary Meeting in New York City during 
the week of June 23rd. The lecturer, who 
will be selected through a committee ap- 
pointed by the ASTM Board of Directors, 
will cover a subject pertaining to the de- 
velopment, testing, evaluation and ap- 
plication of metals. Dr. Gillett was in- 
tensely interested in these fields, perhaps 
particularly in a critical evaluation of 
metals and alloys 

A member of ASTM for over 25 years, 
Dr. Gillett served on many of its techni- 
cal committees, notably in the field of 
metals, contributing numerous outstand- 
ing technical papers and reports to the 
ASTM publications 
writer and couched his material in a 
unique and ¢ fective style 

Dr. Gillett, who died in March 1950, was 
an active member of many technical and 


He was a most able 


scientifie groups and had received numeér- 


ous honors and awards 


Welded Bridge Program to 
Conserve Steel 


Welded bridges have been built in the 
United States which have made possible 
savings in steel ranging from 5 to 20% of 
the total tonnage that would have been 
required had the bridge been riveted. To 
encourage such steel savings and insure 
a Maximum total national saving in the 
present emergency, the Lincoln Are Weld- 
ing Foundation is sponsoring a 1052 
Award Program, “Welded Bridges for 
Steel Conservation 

The Program is open to all persons in 
the United States who feel themselves 
qualified to enter and offers 15 awards 
totaling $16,100. First award is $7000, 
second award $3500, third award $2000 
with 12 honorable mention awards of 
$300 each 
best bridge designs which show weight 
and cost savings over a comparable riv- 
eted bridge 
complete freedom as to size and type of 
bridge to be designed since the percentage 
of saving is the most important factor to 


Awards will be given for the 


The Program allows entrants 


be judged 

Rules for this Program, which is dedi- 
cated to the national interest through the 
conservation of steel, have been formu- 
lated by 14 of the nation’s leading bridge 
engineers, 5 of whom will serve as Jury of 
Award. Chairman of the Program is Pro- 
fessor James G. Clark of the University of 
Illinois. Rules are available from The 
James F. Lincoln Are Welding Founda- 
tion, Cleveland 17, Ohio 
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Armor Welding Electrodes 
ond All Standard Types 


AC or DC...the BEST 


...for any weld 
i on all types 


of stainless steel 


STAINLESS STEEL 
has great strength . . . but its strength 
is limited by the quality of welds 
which seal the joints. In all kinds of 
manufacturing—military work in 
particular—stainless is being used 
more widely. If you weld stainless, 


choose electrodes with care. 


PAGE STAINLESS STEEL 
ELECTRODES, AC or DC, givea 
stable arc under all conditions. 

The metal flows smoothly. Slag is clean 
and easily removed. The coating 

resists cracking down to very short 
stubs. Now available in 10-lb. lined, 
hermetically sealed metal cans which 
can be reclosed. Be sure... specify 
Page Stainless Steel Electrodes. 


Monessen, Pa., Atlenta, Chicago, Denver, Detroit, 
les Angeles, New York, Philadelphic, Portland, 
Sen Francisco, Bridgeport, Conn 


PAGE 
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more life 


from dies 


overlaid with 
Ampco Bronze Electrodes 


Production was increased from 

3600 deep-drawn cases (for 
sealed refrigeration units) to 
15,000 cases, when Industrial 
Stamping and Manufacturing 
Co. of Detroit overlaid their steel 
punches and die-rings with Ampco 
Bronze electrodes, 


Big Savings in Press Room 
Downtime was greatly reduced and 
operating time increased. Efficiency was 
upped 15% because presses did not 
have to be stopped to hone and polish 
dies or change tools in the middle of a 
run. Average production was increased 
to 15,000 units before appreciable 
signs of wear on the dies, 

Put Ampco Bronze electrodes to work 
for you, Enjoy longer production runs, 
less downtime, lower costs. 


Industrial $ and . Ce. personnel inspect- 


Ampco Metal, inc. 
Milwavkee 46, Wis. 


wise 
Producto” Ampco-ize! 


sO 


Black Binder Found 


A small black binder with alphabetical 
index and some notes in it was found dur- 
ing the AWS Annual Meeting at the Book 
Cadillac Hotel, Detroit, the week of Oc- 
tober 14, 1951. Contact the Editor, Tue 
WeLpine JourRNAL, 29 West 39th Street, 
New York 18, N. Y. 


Booklet on Photoelastic Stress 
Analysis 


The Eastman Kodak Co., Rochester 4, 
N.Y., announces that a completely re- 
vised and up-to-date edition of “Photo- 
elastic Stress Analysis” is now available 
through Kodak dealers. 

This new booklet, like the old, begins 
by pointing out the effectiveness of pho- 
toelastic stress analysis for the purpose of 
solving problems of stress distribution. 
It discusses briefly other methods of stress 
analysis and then launches into a discus- 
sion of the principles of photoelasticity. 
This section covers polarized light, double 
refraction or birefringence, isochromatic 
lines, isoclinie lines, circular polarization, 
and stress patterns. 

The booklet then discusses apparatus 
for the production of photoelastic stress 
analysis including light sources, filters, 
polarizers, analyzers, quarterwave plates, 
condensers and the camera. 

Materials which are suitable for making 
models of the object or part to be tested 
are discussed and the actual making of the 
models and factors that should be con- 
sidered therein are covered. Models for 
three dimensional stress analysis are also 
discussed. 

Photographic materials for use in the 
process, exposure and processing, and a list 
of manufacturers who make equipment 
for use in photoelastic stress analysis are 
also covered in the publication. 

Finally, there is a bibliography of books 
and articles on the subject. 

“Photoelastic Stress Analysis” is illus- 
trated in both black-and-white and color 
with numerous pictures and diagrams. It 
sells for 35 cents a copy and will be avail- 
able through Kodak dealers. 


Flame-Hardening of Tractor 
Idlers 


Cast steel tractor idlers with 0.42 to 
0.48 carbon and 0.65 to 0.85 manganese 
content are efficiently flame-hardened by 
oxyacetylene flames at Harrison Steel 
Castings Co., Attica, Ind. This treat- 
ment lengthens the life of idlers by in- 
creasing the hardness of the steel from 
approximately 200 Brinell to approxi- 
mately 500 Brinell with a '/, in. depth of 
hardness. 

Six heating heads (two for each idler), 
specially made for the job, are hooked up 
to Oxweld blowpipes. The operator merely 
throws a switch on the shop-made setup 
to start the operation. In a few minutes, 
the idlers are hardened. 

The idlers get a hard, wear-resisting sur- 
face with the tough, shock-resistant core 
unaffected. Flame hardening is also ad- 
vantageous in that it is a rapid, economical 
method There is no change in the 


News of the Industry 


Flame-Hardening Lengthens Life 


chemical analysis of the finished product, 
and no sharp demarcation between the 
hardened zone and the softer core 


Eutectic Expands Research 
Laboratories 


The construction of a new wing to house 
two new research laboratories has been 
completed by Eutectic Welding Alloys 
Corp., Flushing, N. Y. 

The new building, it was reported, will 
contain a special staff of research chemists 
and physicists who will concentrate on the 
development of new welding alloys utiliz- 
ing fewer critical metals in today’s short- 
age-burdened market. Research on new 
metals, such as titanium joining, is also 
included among the projects scheduled for 
this group. 


Babcock & Wilcox Tube Co. 


Dissolved 


The Babcock & Wilcox Tube Co., a 
wholly owned subsidiary of The Babcock 
& Wilcox Co., will be dissolved, effective 
at close of business December 31st. The 
Tube Company’s business and assets will 
be absorbed by, and it will be operated as, 
one of the divisions of The Babcock & 
Wilcox Co. thereafter, according to an 
announcement made in New York on 
December 3rd. 

The announcement, made jointly by 
the boards of directors of both companies, 
emphasized that the transfer of the plants 
and business of the Tube Company will 
have no effect upon its continued oper- 
ation so far as the customers and employees 
of the subsidiary are concerned and will 
not change The Babcock & Wilcox Co 
stockholders’ equities. The tube facilities 
will be operated as the Tubular Products 
Division of the company and Luke E 
Sawyer and Edward A. Livingstone, Tube 
Co. officers, will also become officers of 
The Babeock & Wileox Co. The an- 
nouncement said the change would be 
beneficial from an organizational and 
managerial standpoint. 

The Babcock & Wilcox Tube Co. has 
its main offices at Beaver Falls, Pa., with 
plants at Beaver Falls and Alliance, Ohio 
It manufactures seamless and welded 
tubing in carbon, alloy and stainless steels 
for a wide variety of industrial purposes 
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GOOD 
PRACTICE 


CARE IN HANDLING, GOOD WELDING TECHNIQUES 


REDUCE ELECTRODE WASTE 


You can get factory-fresh performance from your elec- 
trodes through good storage and protection practice. Don’t 
waste electrodes by leaving them in damp corners or on 
floors where they can become saturated with moisture, 


stepped on, chipped, bent, or otherwise rendered useless. 


Here are some other ‘“‘ground rules’’ to follow to get up 
to 40% more from your electrodes: 


1. Avoid bending whenever possible 


Use electrodes down to a 2-inch stub 


2 

3. Provide better fit-ups 

4. Lay flat-face fillets on vertical fillet welds 
5 


Make fillet legs of equal length on horizontal fillets 


To get the most from your electrodes, get the best elec- 
trodes . . . specify General Electric. G-E electrodes give you 
high deposition rates, a smooth stable arc, meet AWS 
specifications and are available in a wide variety of sizes 
and types. 


HERE’S A TIP! Stamp the date received on each 
electrode carton and use those with the earliest 


dates first. 


FOR THE BEST IN ACCESSORIES... 


See your authorized General Electric 
Welding Distributor. He carries a com- 
plete line of G-E accessories, including 
electrode carriers, electrode holders, hel- 
mets, lenses and cover glasses, hand 
shields, leather protective clothing, 
brushes, ground clamps, cable connect- 
ors and many other items. 

Your G-E Welding Distributor can 
also give you additional hints on how to 
get the most from your electrodes and 
equipment. You can find his name in the 
yellow pages of your telephone directory. 
Look for “General Electric’? under 
*‘Welding Equipment.’’ General Electric 
Company, Schenectady 5, N. Y. 


GENERAL ELECTRIC 


712-12 


WASTEFUL q 


VEW PRODUCTS 


Scale-Free Welding Coupling 


\ new product, the Tube-Turn SF 
Scale-Free) Welding Coupling, now makes 
it possible to eliminate damaging welding 
scale from piping systems, according to 
Tube Turns, Inc., of Louisville, Ky. 

The Tube-Turn SF (Scale-Free) Weld- 
ing Coupling consists of two forged halves, 
is can be seen in the accompanying photo- 
graph. The ends of the hubs are prepared 
for welding to pipe or welding fittings of 
corresponding sizes. When the two halves 
of the coupling are brought together, the 
tongue of one slips into the groove of the 
other. A circumferential cavity directly 
beneath the beveled welding area prevents 
burn-through or the formation of icicles in 
the interior, The cavity also insulates 
the interior from the extreme welding heat 
and prevents sealing. 


The Tube-Turn SF (Scale-Free) Weld- 
ing Coupling is useful in connecting piping 
designed to carry hydraulic fluids, high- 
pressure steam, compressed air, certain 
chemicals and gases, lubricating oil, fuel 
oil, carbonated beverages (including beer) 
and various food products. It is available 
in sizes from 1'/, through 12 in. and in 
carbon steel, stainless steel, aluminum 
and other metals and alloys. 
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Complete information about the Tube- 
Turn SF (Seale-Free) Welding Coupling 
may be obtained from the manufacturer 
Tube Turns, Inc., Louisville 1, Ky. 


Flexible Round File 


Tee Imports announces the availability 
of a flexible, round file. The “Abrafile,”’ 
as it is called, will file any material of any 
profile by bending the tool to the desired 
shape. Nonclogging, will not fill up on 
lead, wood, aluminum, cardboard or plas- 
tie materials. Abrafile comes in six sizes 

to '/, in. For further information 
write to Thriftool Sales Co., 122 FE. 25th 
St., New York 10, N. Y., or to Tee Im- 
ports, 14404 Addison St., Van Nuys, 
Calif 


Soldering and Brazing Unit 


\ new type soldering and brazing unit 
has just been developed by the Metallizing 
Company of America, Chicago. Said to 
be adaptable to any type of manufactur- 
ing where soldering or brazing is required, 
the unit-—called the Mogul! Soldering or 
Brazing Gun-—-is completely suited to 
special soldering jobs as well as produc- 
tion runs. 

The Mogul Gun, according to the 
manufacturer, is built to deposit lead and 


New Products 


tin base solders, and also silver solder and 
other brazing wires, in a liquid or semi- 
liquid form to a part moving at constant 
speed under the gun nozzle. Soldering or 
brazing can be either intermittent or con- 
tinuous at any desired rate of speed; speeds 
of up to 200 lineal feet of seam per minute 
are permitted. 

The Mogul Gun will supply soldering 
material in any desired quantity which 
can be deposited to a pin-point location. 
This material, in wire form, is fed into the 
center of a conical flame where it is melted 
into a liquid or semiliquid state, depend- 
ing upon requirements, and then deposited 
into the seam or area being soldered or 
brazed. 

Full information and literature on the 
Mogul Soldering and Brazing Guns may 
be obtained by writing direct to the Metal- 
lizing Company of America, 3520 W. Car- 
roll Ave., Chicago 24, Il. 


Are- Welding Machine 


A new, heavy-duty direct-current weld- 
ing machine has been put on the market 
by the A. O. Smith Corp., Milwaukee, 
Wis. The machine is designed for all in- 
dustrial uses, where d.-c. welding is re- 
quired. 
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LIMCOLN PLANT CREATED BY INCENTIVE-INSPINRED CO-ACTION 
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than welded steel. 


by manufacturers, 


Costs 50% less. Further saves shipping 


Fig. 2. Present Weldesign in Steel. 
costs “prepaid 


using the product. 
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HERE'S pp 


Machine Design Sheets are available to designers and engineers. Simply write on your letterhead to Dept. 91, 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND 17, OHIO 
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To safeguard against stack failure, a 
high-velocity downdraft of cool air is di- 
rected over the rectifier stacks before pass- 
ing this air through other parts of the ma- 
chine. The blast is expelled at the base of 
the A. O. Smith welder. This not only 
supplies proper cooling action, but pro- 
motes internal machine cleanliness. 

A. O. Smith retains in this d.-c. welder 
all of the principal construction features 
of its Heavy-Duty A.-C. welder. Among 
these features are the case-diameter fan 
and “wind tunnel” design to provide air 
flow over all energized parts. The pri- 
mary coils are raised and lowered on ball 
bearing jacks. The machine is available 
in 200, 300 and 400 amp. ratings. 


sor! WHAT A STEPPED-UP 
PRODUCTION SCHEDULE WE 
HAVE TO MEET THIS MONTH IN 
THE TANK $HOP_ MANAGENENT 
SAID TO UP IT 30% OVER 
LAST MONTHS 

RECORD! 


I1$ SURELY GOING TO 


BE TOUGH! THE WELDING 
HAS TO BE GONE OVER 


INCREASED 
PRODUCTION 
EASILY WITH THEIR 
SAME MANPOWER J 


Clip-On Goggles 


The Pennsylvania Optical Co. announces 
that it is placing on the market clip-on 
goggles for industrial workers who wear 
prescription safety or welding glasses. 
These new type goggles are intended to 
protect the more expensive lenses against 
sparks and flying bits of metal. They 
are light in weight and will fit over either 
shell or metal framed glasses. 

The Penoptic clip-on lenses are made of 
clear glass or extra dark absorptive glass. 
They are available in 44 mm. and 46 mm. 
sizes. 

The clip-on goggles are so constructed 
as to enable the replacement of either lens 
if necessary. 


Alloy Steel Welding Pipe 
Fittings and Flanges 


Key Co., of East St. Louis, Ill., manu- 
facturers of alloy steel castings for high 
pressures and temperatures, has an- 
nounced the development and production 
of a complete line of “Key-Kast” Alloy 
Steel Welding Pipe Fittings and Flanges. 
The company states their new line pro- 
vides a stronger fitting and gives longer 
life to piping systems at a lower unit cost. 
Also, it claims that the new Key-Kast de- 
sign offers these important advantages to 
fabricators and users of alloy pipe: 


Greater wall thickness throughout, 
with added thickness at all 
areas of stress, provides greater 
structural strength and a larger 
allowance against corrosion and 
erosion. 

The new line meets A.S.A., 
and ASTM standards. 

Available in low and intermediate 
alloys and various types of stain- 
less steel. 

A boss is provided on all fittings for 
tapped openings. 

The new Key-Kast line of alloy welding 
fittings and flanges is available in all sizes 
and schedule numbers. 

Complete information on Key-Kast 
Alloy fittings and flanges may be obtained 
from Key Co., East St. Louis, Ill. 
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1 DON'T KNOW 


THOSE WELDERS ARE SURE 
A HAPPY CREW. WITH THAT 
FAST-BURNING HIGH DEPOSIT RATE 


CHAMPION BLACK 
THEY'RE BATTING A THOUSAND 
ON THAT PRODUCTION 
SCHEDULE | 


NO UNDER CUT ON 
THE EOGES- PRACTICALLY 
NO $PATTER TO CLEAN 
OFF — SLAG CAME OF F 
EASY BETWEEN 
PASSES | 


THE APPEARANCE OF THE 
WELDS Is FIRST RATE , 
$MOOTH, EVEN AND 
THOSE X-RAYS SHOW 
PERFECT/ 


MARKET PROVES 
ITSELF AGAIN! 


THE CHAMPION RIVET (0. 


CLEVELAND, OHIO _E.Chicago, 
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BANNER 50 KVA ROCKER ARM 

SEAM WELDER 

Here is a Banner Rocker Arm Seam Welder built to 
handle up to 20 gauge mild steel and lighter—a job 
usually requiring larger, more costly machines. This 
50-KVA Model has 24” throat with the upper wheel 
driven through shafts and pinion gears. Positive drive 
originates from a Graham vari-speed transmission 
mounted at the rear of the machine @ Shafts are 
securely mounted in floating bearings with universal 
joints. The machine shown above has a lower horn 
for longitudinal welding, but is easily converted to 
circular seam welding by installing a special lower 
horn and rotating the upper head 90 degrees (merely 
loosen four bolts and re-connect the drive from the 
Graham speed reducer) @ Transformer is fully water- 
cooled and rated at 100°; duty cycle to handle a multi- 
tude of applications on high production 20 gauge (and 
lighter) mild steel. Write for details! 


BANNER is in a NEW Home! 
To meet the growing demand for its welders, Banner an- | Specials to 200 KVA. Inquiries 
nounces the opening of larger and greatly expanded facilities | invited. 
| for the manufacture of their resistance welding equipment. 


30 KVA CIRCULAR WELDER 


This seam welder is specially designed for use on 
lighter materials (26 and 28 gauge mild steel). It has 
many outstanding features usually found on larger, 
more expensive machines @ Lower wheel is driven by 
small fractional horsepower motor through gears @ A 
multitude of speed combinations and ratios are quickly 
and easily made by changing gears @ Positive drive 
(gear driven) @ All current-conducting members are 
of high conductivity, high strength materials @ Trans- 
former is fully water-cooled and rated at 100°; duty 
cycle @ Upper and lower shafts are also water-cooled, 
facilitating high production @ Upper ram follows 
Banner's pattern of rugged construction with a long 
bearing surface of 7” @ Ram is manganese bronze, 
running in cast iron and guided by a °.” pin @ Frame 
+” boiler plate, with °,” reinforced face plate. 
Banner manufactures a complete 


line of Gun, Seam, Rocker Arm 
and larger Press Welders and 


Specific data sheets and cat- 
alog available. Write today! 
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CURRENT WELDING PATENTS 


prepared by }. L. Oldham 


Printed copies of patents may be obtained for 25¢ from the Commissioner of Patents, Washington 10, D. C. 


2,574,100 —-MountTing ror CUTTING 
Torcnes—Harold R. Gettys, North 
Bend, and Russell P. Kissick, Cincin- 
“ati, Ohio, assignors to Stacey Brothers 
Gas Construction Co., Cincinnati, Ohio, 
a corporation of Ohio, 

A device for trimming the edge of a 
metal plate is covered by this patent. It 
includes a carriage for supporting a plu- 
rality of cutting torch nozzles in angular 
relationship to each other and the edge of 
the plate. The carriage is mounted for 
free swiveling movement about a_hori- 
zontal axis and other means mount the 
carriage so that it floats and swivels in ac- 
cordance with the tracking contact of 
wheels provided for the carriage. The ap- 
paratus permits the position of the nozzles 
to remain substantially the same relative 
to the edge of the plate as variations in the 
wheel contact surface occur. 


2,574,101 -Macuine ror THermocnemi- 
CALLY SEVERING Meran Workrieces 
William J. Greene, Plainfield, N.J., as- 
signor to Air Reduction Co., Ine., a 
corporation of New York. 

Greene’s machine includes a frame with 

a pair of upper and lower arms pivotally 

connected to a pair of uprights to form a 

pantograph structure, the upper arm 

being a torch-carrying arm and the lower 
one being a control arm. A pivotal con- 
nection is provided between a main sup- 
porting arm and the frame. A gas cutting 
torch is mounted on the torch-carrying 
arm and means connect to the control 
arm to apply a vertical component of 
movement to a region of such arm while 
other means operatively connect to the 
control arm and operate independently of 

the previously named means to apply a 

horizontal component of movement to such 

region of the control arm. 


2,574,514 —-Hicu-Frequency Unir ror 
Inert Gas Arc —Charles L. 
Volff, Montreal, Quebec, and Julius 
Hammerslag, Outremont, Quebec, Can- 
ada, assignors to L'Air Liquide So- 
ciete Anonyme Pour l’Etude et 
Exploitation Procedes Georges 
Claude, Paris, France, a body corpo- 
rate 
An electric welding apparatus includ- 

ing an electrode holder and means for 

furnishing welding current to such holder, 
together with electronic means for fur- 
nishing continuous high-frequency cur- 
rent to the holder is this 

patent. The electronic means include a 

generator having a vacuum tube oscilla- 

tor stabilized by a erystal and amplified 


des 


disclosed in 


S6 


by at least one amplification circuit. The 
electronic means produte high-frequency 
current in a band of frequency permissible 
for industrial apparatus. Means are 
provided for tuning the entire electronic 
circuit for furnishing welding current to 
obtain a maximum power output at the 
end of the welding circuit adjacent to the 
electrode holder for striking the are. The 
tuning also provides for a minimum of 
radiation at the welding circuit. 


We INTERRUPTER 
Boretti 
Mich., 


2,573,020-—Arx 

Arthur H. Fessler, Napoleon P. 

and Karl Sarafian, Detroit, 

assignors to General Motors 

Detroit, Mich., a corporation of Dela- 

ware. 

This patent is on a control system for 
welding means wherein switch means con- 
nect a power source to a welding elec- 
trode. A plurality of time delay relay 
means are connected in sequence and to 
the power source while a second switching 
means is operated by the final time delay 
relay and controls the first switching 
means. A _ control relay is connected 
across one of the time delay relays and 
manual switching means are connected in 
circuit with the control relay so that the 
timed sequence of operation may be 
initiated manually. 


2,573,004 E_ecrric WeLDING SysTEeM 
Irvin W. Cox, West Allis, and Jerome 
B. Welch, Milwaukee, Wis., assignors to 
Cutler-Hammer, Inc., Milwaukee, Wis., 
a corporation of Delaware. 

This patented welding system includes a 
transformer with welding electrodes con- 
nected to the secondary thereof. Half 
wave rectified current is supplied to the 
primary of the transformer and means 
supply an alternating demagnetizing cur- 
rent of low magnitude to the primary 
when the half wave rectified current sup- 
ply means are nonconducting. <A high 
resistance is connected in parallel to the 
electrodes to provide a discharge path for 
the current induced in the second trans- 
former by the demagnetizing current. 


or Making WELDED 

Sree. Unirs—James P. Zallea, Wil- 

mington, and John J. Mank Newark, 

Del., assignors to Zallea Bros., Wil- 

mington, Del., a partnership consisting 

of James P. Zallea and Sol Zallea. 

This patent covers a specialized rein- 
forcing unit for expansion joints of the 
type having a corrugated flexible tube and 
it primarily is on the mechanical con- 
struction of the unit. 
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2,573,901—Arc System —Dean 
C. Girard, San Leandro, and Frank T. 
Roach, Hayward, Calif., assignors, by 
mesne assignments, to National Cylin- 
der Gas Co., a corporation of Delaware 
This patent relates to the energization 
of an intermittently loaded power circuit 
wherein a transformer is connected to a 
power source and circuit means connect 
the first relay for energization from a 
separate current source in series with the 
power circuit when the power circuit is 
short circuited, and a line contactor con- 
necting the primary of the transformer to 
the power source and opening a second 
relay is provided and circuit means con- 
nect it for energization as a result of the 
energization of the first relay. When the 
short circuit is removed and the first re- 
lay is de-energized, the line contactor is 
then energized. 


WeLvER CONTROL SYSTEM 
Harris I. Stanback, Milwaukee, and 
Ernest G. Anger, Wauwatosa, Wis., 
assignors to Square D Co., Detroit, 
Mich., a corporation of Michigan. 


2,574,939 


This new control system relates to the 
sequence of welding operations. The 
patent covers electrical for a 
valve solenoid which can be energized to 
apply pressure to the welding electrodes; 
means disconnect part of the electric 
control to initiate the squeeze time period 
while pressure switch responsive means and 
timing means are present for use in con- 
trolling the welding functions. An adjust- 
able timing means also is provided to 
control the number of conducting periods 
of portions of the electric periods to de- 
termine the “weld time” period 


controls 


MetTHop oF AND APPARATUS 
ror Continuous WELDING oF Pires 
Tuses—Irving A. Colby, Hub- 
bard, Ohio, assignor to The Youngs- 
town Sheet & Tube Co., Youngstown, 
Ohio, a corporation of Ohio. 


2,575,381 


The method of this patent is for con- 
tinuously producing welded pipes and in- 
cludes passing a continuous skelp strip 
progressively through a heating chamber 
to raise the skelp to heating temperature 
Next the skelp is progressively converted 
to substantially cylindrical form and ad- 
jacent edges of the skelp are then subjected 
to a higher frequency electrical field to 
raise the edges of the skelp at least to 
welding temperature. Substantially  si- 
multaneously with the high-frequency 
field, the edges of the skelp are formed to- 
gether to produce a longitudinally con- 
tinuous welded seam 
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WITH DIVERSEY 


PRE-WELDING TREATMENT 
FOR ALUMINUM 


 DIVERSEY No. 
VERSEY No. 5 


... produces low-uniform surface resistance 
... improves quality of welds 

... increases quantity of spot welds before tip cleaning 
.-. prolongs life of electrode tips 

... eliminates tedious, expensive mechanical cleaning 


Yes, if you are looking for higher quality, 
increased production and lower costs with your 
aluminum alloy spot welding operation, investigate the 
Diversey Pre-Welding Treatment today! 

Used by leading aircraft companies, case histories 
reveal that, by employing Diversey No. 36 to remove 
identification markings, grease, dirt; and by using 
Diversey No. 514 to remove oxide and heat 
scale, spot weld output increased up to 50%! Further, 
plants report an increase up to 1,000% in the 
number of spot welds now made before the 
electrode tips require redressing ! 


; The BEST Surface Preparation . . . The Diversey Pre-Welding Treatment for 
i aluminum is easy, efficient, practical, and surprisingly 
Plus the BEST Welding Technique economical to use! Mail the handy coupon 
Produces the BEST Spot Welds! today for complete information! 


MAIL THIS COUPON TODAY 


THE DIVERSEY CORPORATION 
Metal Industries Department 
1820 Roscoe St., Chicago 13, iil. 


Photos Courtesy Douglas Aircraft Co.. Inc 


Gentlemen: 
Please send me complete information on the Diversey 


' 
‘ 
' 

TH lV E S EY CO R Pp 0 AT | 0 k Pre-Welding Treatment for Aluminum. 
' 

' 
' 
' 
' 
' 


Metal Industries Department i 
1820 Roscoe Street «© Chicago 13, Illinois 


In Canada: The Diversey Corporation (Canada) Ltd. 
Lakeshore Road, Port Credit, Ontario 


Company — 
Address 
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2,575,736-—Mernop or THermMocuemi- 
catty Curting Metats—dJesse 8. Sohn, 
Succasunna, N.J., assignor to Air Re- 
duction Co., Inc., New York, N.Y., 4 
corporation of New York. 


Sohn’'s thermochemically cutting 
method comprises positioning torch means 
having a row of closely spaced cutting 
oxygen orifices in operative position with 
respect to the work to be cut and posi- 
tioned to extend in the direction of a de- 
sired cut throughout the cutting operation. 
\ jet of cutting oxygen is projected onto 
the workpiece from the first of the orifices 


to thermochemically remove metal there- 
from and thereafter a jet of cutting oxygen 
is projected from a second orifice immedi- 
ately adjacent said first orifice and down- 
stream therefrom in the direction of the 
cut. Thereafter successively and progres- 
sively projecting jets of cutting oxygen are 
fed from the orifices and the jet of oxygen 
is discontinued from the preceding orifice 
as succeeding jets are supplied with cut- 
ting oxygen. 


2,575,737 Torcu MacuiIne POR 
Curtinc Rounps anp THE LIKE 
Joseph M. Tyrner, New York, N.Y., 


assignor to Air Reduction Co., Ine., a 
corporation of New York. 


A portable cutting machine of the gas 
torch type for severing rounds is disclosed 
in this patent. The machine includes a 
base that can be clamped to the round to 
be cut and a post disposed perpendicularly 
to the base and axially rotatable thereon. 
A cutting torch having a tip is supported 
by parallelogram linkage from the base. 
Other control means are provided so that 
the torch can move in an arcuate path 
at right angles to the longitudinal axis of 
the workpiece. 
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Now you can have a 


Complete 


on welding Nickel This is the newest welding publication from Inco’s Tech- 


nical Service Section. It covers design, surface prepara- 

- . tion, fluxes, heating methods, post brazing treatment and 

and High-Nickel Alloys inspection for silver and copper brazing. It also contains 
valuable tables on properties and formulae and a sec- 

tion on soft soldering. 


T-33, ‘Resistance Welding of Nickel and T-2, “Fusion Welding of Nickel and 
High-Nickel Alloys” High-Nickel Alloys” 
T-33 covers design and equipment considerations, weld- T-2 covers surface preparation, joint designs, jigs and 
ing procedures (both for similar and dissimilar metals), clamps, electrodes, current, pre-heating, flux and welding 
checks for defects and tests for spot, seam, projection procedures for metal arc and gas arc welding. It dis- 
and flash welding. It also covers resistance brazing. It cusses overlays on cast iron and joining of dissimilar 
gives tables on chemical analysis and mechanical and metals; and the preparation, application and testing 
physical properties, and recommended conditions for of linings. It contains tables of chemical analysis and 
welding. The text is amply illustrated with valuable dia- mechanical and physical properties and electrode re- 
grams and photographs. quirements. Like T-34 and T-33, it is heavily illustrated 
with diagrams and photographs. 


Inco’s Technical Service Section wants you to have all three of these 
bulletins to complete your library on the most up-to-date welding tech- 
niques. There is no charge for them. Write today for T-34 and if you don’t 
have T-33 and T-2 ask for them, too. 

Remember, Inco Welding Materials take longer to get because so much 
is being diverted to defense. But, Inco’s Technical Service Section is always 
ready to help on your special welding problems. 


OF SERVICE THE INTERNATIONAL NICKEL COMPANY, INC. 
Bincin 67 Wall Street, New York 5, N. Y. 
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WELDING CONNECTORS 


Saxe Welding Connection Units position 
fy and secure structural parts to be welded. 


K3a 


Clip K3A permits an adjustable connec- 
tion. 


These widely used units eliminate all hole punching, and, with 
welding, produce the most economical, safe, and quickly erected 
structural frame. 
Write for 1951 edition, Structural Welding Practice Manuol. 
J. H. WILLIAMS & CO. 
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WELDI 


of the Engineering Foundation 


Sponsored by the American Welding Society and American Institute of Electrical Engineers 
American Institute of Mining and Metallurgical Engineers, American Society of Civil Engineers 
American Society of Mechanical Engineers, and Society of Naval Architects and Marine Engineers 


Supplement to the Welding Journal, January, 1952 


by Clarence E. Jackson and 
Arthur E. Shrubsall 


INTRODUCTION 
the years, metallurgical de- 


velopments have been watched care- 

fully by the welding fraternity, since 
often these developments have had a 
direct application in the solution of weld- 
ing problems. Probably the widest appli- 
cation of metallurgical concepts in welding 
circles has been the study of the effect of 
welding on the properties of the heat- 
affected zone. Although welding generally 
subjects a particular structure to higher 
temperatures, with a shorter duration than 
normally encountered in heat-treating 
practices, still the explanations proposed 
by metallurgical engineers have been 
widely used as tools by the welding engi- 
neer. 

The past decade has seen the develop- 
ment of lime-type coated ferritic electrodes 
which have proved useful in metal-are 
welding of hardenable steels. This type of 
electrode is not subject to the heat- 
affected zone cracking associated with 
coatings having hydrogen-producing con- 
stituents. Since the welding composition 
used in the Unionmelt* (submerged-arc) 
Clarence E. Jackson and Arthur E. Shrubsal! 


are connected with the Union Carbide and Car- 
bon Research Laboratories, Inc., Niagara Falls, 
N. 


Paper was presented before the Thirty-Second 
Annual Meeting, A.W.S., Detroit, Mich., week 
of Oct. 15, 1951. 
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Predetermination of Preheat and Postheat for 
Submerged-Are Welding 


welding process does not contain hydro- 
gen-producing ingredients, and since high 
currents and high speeds with improved 
efficiency' are normally employed, this 
process is readily applicable in welding 
steels such as 8.A.E. 1040 or steels with 
even higher carbon in moderate thicknesses. 

In spite of the vast amount of effort, 
which has been expended in the develop- 
ment of welding techniques for hardenable 
steels, using no preheat or postheat, many 
applications in medium-alloy steels would 
give better metallurgical structures if 
proper cognizance were taken of the rates 
of metallurgical response in the heat- 
affected zone. In the welding of materials 
of the hardenable type in _ thicknesses 
greater than '/; in., it is often expedient to 
employ multipass techniques with the 
Unionmelt process, and the use of con- 
trolled preheat, interpass and postheat 
temperatures*~* often gives added safety 
with improved properties in the heat-af- 
fected zone. The indiscriminate use of 
preheating and postheating, however, can 
lead to structures with high hardnesses 
and reduced ductility. Only through an 
understanding of the effects of heat-treat- 
ment practices can sound crack-free welds 
in hardenable steels be assured. 


THERMAL CYCLE IN HEAT- 
AFFECTED ZONE 


A full understanding of such an evalia- 
*The terms Oxweld"” and ‘“Unionmelt™ 
are registered trademarks of Union Carbide and 
Carbon Corp 


Jackson, Shrubsall—Submerged-Arc Welding 


§ Comparison of the transformation of austenite with continuous cooling and 
applications of controlled preheat and postheat treatments in welding alloy steels 


tion requires a knowledge of the basic 
metallurgical changes which may be en- 
countered. It will be worth while to 
follow through these steps, not so much to 
present new information, as to bring to- 
gether and emphasize the salient points. 
Much has been written* ® as a result of 
extensive studies of the thermal history 
adjacent to welds. Other attempts have 
been made to use these data for evaluating 
the weldability of steels. 

In order to provide a survey of the 
therma) cycles encountered, first, let us 
consider a surface bead deposited on a 
1/,-in. thick 8.A.E. 1050 plate with a cross 
section of this weld as shown in Fig. 1. 
The hardened zone, shown by the dark 
etched area in the plate adjacent to the 
weld bead, can readily be seen. This 


Fig. 1 Cross section of bead weld 
deposited on '/2-in. thick S.A.E. 1050 
steel. Welding technique: 600 amp., 
d. c.-r. p., 30 v., 20 in. per min. travel, 
Unionmelt composition grade 50, 
(12- by 150-mesh), Oxweld No. 36 
electrode, */\.-in. diameter 


q 
| 


Thermal Cycle in Heat-Affected Zone 
A- At fusion line 
B- 0-03in. from fusion line 
C-O-10in from fusion line 
D- 020 in from fusion line 


| 


2 


Fig. 2 


Tume , minutes 
Thermal cycles in heat-affected zone at center line under bead weld 


shown in Fig. 1 


hardened zone results from the effects of 
the thermal history of each particular 
point in the steel, Fig. 2 shows the ther- 
mal cycle to which the various structures 
have subjected. These thermal 
cycles apply only for the area at the center 
line below the weld and for the particular 
geometric arrangement under considera- 
tion, as weld beads with a smaller nugget 
area will show faster cooling rates in the 
heat-affected zone, and larger nugget areas 
will show slower cooling rates. The maxi- 
mum temperature at the fusion line, in all 
cases, will be that of the melting tempera- 
ture of the base metal. With the smaller 
beads, the heat-affected zone follows the 
contour of the fusion line. As the weld 
nugget becomes larger or the plate thinner, 
a condition is reached in which the heat- 
affected zone extends through the entire 
thickness of the plate (Fig. 3). As the 
heat-affected zone becomes wider, the 
temperature gradient is less drastic, al- 
though the volume in the heat-affected 


been 


zone is increased. Due to the high tem- 
peratures which occur near the fusion line, 
grain-coarsening of this zone may result. 
For heavier sections and smaller welds, 
the hardening in the heat-affected zone 
may well exceed that commensurate with 
the retention of satisfactory ductility. 
Since the optimum ductility which may be 
expected even with the best metallurgical 
heat treatment is related (Fig. 4) to the 
hardness, often special techniques are re- 
sorted to, using preheat and postheat, in 
order to decrease the cooling rate and thus 
maintain the hardness at a low level so as 
to obtain a ductility approaching that of 
the original base metal. 

From a metallurgical standpoint, the 
use of preheat and postheat can best be 
intelligently applied by remembering that 
the intent of any preheat is to control the 
postheat cycle, since hardening, with its 
loss in ductility, can only occur during 
the cooling cycle. The use of preheat and 
postheat is particularly effective in reduc- 


Fig. 3 Cross section of bead weld de- 
sited on ‘>-in. thick S.A.E. 1050 

steel. Welding technique: 725 amp., 

d. c.-r. p., 30 v., 20 in. per min. travel, 
Unionmelt composition grade 50 


200 300 400 500 
Brineil Hardness Number , Heat-Affected Zone 


Fig. 4 Relation of hardness and duc- 

tility in steel. Maximum ductility is 

that for fully heat-treated steels. 

Area to left of curve represents duc- 

tility which may be obtained for heat- 
affected zones 


ing the cooling rates at the lower tempera- 
tures. For example, it is expected that 
with a preheat of 300° F. which is main- 
tained as an immediate postheat of 300° 
F., the rate of cooling in the 700 to 500° F. 
range will be reduced to a rate similar to 
that ordinarily obtained in the 400 to 
200° F. range with no preheat or postheat. 
Such a reduction in cooling rate will result 
in transformation at a higher temperature, 
with the production of a more ductile 
structure in the heat-affected zone. It is 
well to remember that the maximum hard- 
ening under the most drastic cooling condi- 
tions is dependent upon the carbon content 
(Fig. 5). For example, in an 8.A.E. 1050 
steel (0.48% carbon, 0.51% manganese 
and 0.24% silicon ), the maximum hardness 
attainable with the most drastic quenching 
is dependent upon the carbon content and 
would be 60 Rockwell C (700 Vickers). 
Since the cooling rate determines the 
maximum hardness in the heat-affected 
zone of a given steel, it is natural to expect 
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T | T a decrease in hardness as the nugget area 


| is increased In order to determine the 
| 800 hardening effect of various sizes of bead 


| | welds on the sample of S.A.E. 1050 steel 
which was available, six surface bead 
t welds were deposited by the Unionmelt 
= 
process, using currents ranging trom 260 
= ail 600 = to 725 amp., with 30 v., and 20 in. per min 
35 4 S travel These currents were selected 
} . (Fig. 6) in order to give a wide range of E 
-50 _ | 
T T 500 nugget areas. The area of the weld nug- 
. Z | 2 gets ranged from 0.04 to 0.21 sq. in. The 
+ / 2 maximum hardness (Vickers 10 kg 
= /| ? number was measured in the heat-affected 
ff | | | zone for each bead weld, and is related to 
| = \ 
cme t t nugget area, as shown in Fig. 7. The 
a di | 3 smallest bead weld deposited with the 
3 / | lowest current produced the highest hard- 
/ | ness in the heat-affected zone. The 
| > maximum hardness measured in the heat- 
30 300. affected zone decreased as the nugget size 
| } increased. Although increasing the size 
> 


of the weld nugget does produce a lower 


| | maximum hardness in the heat-affected : 

| zone, often in welding hardenable steels : 

20 i L it is desirable to use multiple-pass tech- : 


O ‘20 40 ‘60 ‘80 100 niques in order to reduce the tendency for 


Carbon Content, Percent weld-metal cracking and excessive grain t 7 
Fig. 5 Influence of carbon content on maximum quench hardness' growth in the heat-affected zone ’ a 
300 CONTINUOUS COOLING 
This chart gives the total weld nugget area in square 
For example; given V+20 ipm ond amperes, literature a vast fund of information re- 
then line AB drawn connecting these values on the chort 200 garding the rates of transformation of the ee 
mtersects the area (A) of O15 squore inches metallurgical structures accompanying ‘ 2 
Note. Welding voltoge is a minor voriable ond is 
mining various cooling cycles. Most of these data 
3 100 __, r deal with the progress of transformation of xs 
austenite at a given temperature, and a 
diagrams showing the metallurgical : 
changes with continuous cooling are not ; 
r_ 90 The cooling conditions in the heat- i ES: 
60 affected zone of a weld (Fig. 2), however, 7 
200 _} a are such that, at any point, cooling from a 
001 70 the maximum attained temperature to the 
i E_ 60 final temperature of the plate is continu- 
r ous. Transformation diagrams with con- 
300 _4 + 002 _ $03 tinuous cooling have been determined ex- 
003 perimentally? for a few steels, Grange and 
T_ 004 40 s Kiefer® have discussed the relationship ol 
400 — 00s Fy transformation on continuous cooling to : 
006 3 transformation at constant temperature 
500 008 30 3 The progress transiormation aus- 
L 010 3 tenite on continuous cooling can be seen 
600 4A > 2 in Fig. 8 for a low carbon-manganese steel 
+ | = In accordance with this diagram, if cooling 
020 20 in the heat-affected zone associated with a 
800 _+ + iven size of weld nugget takes place in 
£ I 
900 1 -030 approximately two seconds or less, or at a 
1000 1 — 040 % rate fast enough to miss the nose at 950° 
oe F., the structure in the heat-affected zone 
will be martensitic and fully hardened. 
060 { The structure in the heat-affected zone 
4 7 '0 |_ 10 will transform at a higher temperature 
7 wit s re rates, such as se 
with slower cooling rates, such as those 
6 = 8 associated with a larger weld nugget 
2000 | 
Area (A), 
ore inches T 
squ 
J Fig. 6 Relation of welding technique 
3000 1 = to nugget area 
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Maximum Hardness Heat-Affected Zone , Vickers 


Plate Hardness 207 
Maximum Quench 


Hardness 697 
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Nugget Area, square inches 


Fig.7 


Relation of nugget area to maximum hardness in the heat-affected zone 


Sor bead welds on ‘/;-in. thick S.A.E. 1050 steel 


The use of a relatively mild preheat of 150 
to 400° F. will decrease the rate of cooling, 
and in this way, at least partial trans- 
formation may be obtained at the higher 
temperature. Wooding® has shown that 


only 8% transformation to the softer baini- 
tic structures may be sufficient to prevent 
cracking in the heat-affected zone if the 
restraint is low. With higher restraint, 
it is felt that a larger percentage of the 


8 


8 


Transformation Ends 


Temperature °F 


500 1/000 


Time , Seconds 


Fig. 8 Continuous cooling transformation diagram for steel containing 0.17% 
carbon, 1.219% manganese, 0.279% silicon, 0.005% vanadium, 0.008% titanium’ 


softer bainitic structure is needed for 
safety. It is regretted that a comprehen- 
sive, authoritative survey of continuous 
cooling transformation characteristics, of 
at least the standard grades of steels, is 
not available. Such a survey would be 
extremely useful in a rational approach to 
the effects of using mild preheats for weld- 
ing. It should be remembered that the 
object of preheating and the use of im- 
mediate postheating are mainly to in- 
fluence the cooling, so as to avoid the 
formation of martensite in such quantity 
as to give a hard heat-affected zone, with 
low ductility. 


ISOTHERMAL COOLING 


Although the information available for 
continuous cooling transformation is not 
sufficient to provide a wide knowledge of 
the transformational characteristics of the 
many steels in the welding field, we are 
fortunate in having available a vast num- 
ber of diagrams which can be used. These 
diagrams” have been presented under 
various names, such as S-curves, time- 
temperature-transformation (T-T-T) dia- 
grams or isothermal diagrams, and show 
the progress of transformation at any 
given temperature. They have been the 
subject of extensive studies. *"* 

In Fig. 9 is shown the isothermal dia- 
gram of an 8.A.E. 1321 steel, containing 
0.20% carbon and 1.88% manganese. 
This diagram was established by quench- 
ing a large number of small specimens 
from a temperature of 1700° F. into heated 
baths (500 to 1300° F.) and holding for 
varying lengths of time before quenching 
to room temperature. 
were then examined by measuring the 
hardness and observing the metallurgical 
microstructure. From such an examina- 
tion, progress of transformation can be 
determined. The resulting isotherma' 
diagram summarizes the results of these 
tests and maps out the influence of tem- 
perature and time on the progress of trans- 
formation. 

For our use, it is to be pointed out that 
in accordance with the diagram shown in 
Fig. 9, if the preheat and postheat em- 
ployed are such that cooling to 800° F. is 
retarded to slightly less than 200 sec. 
(approximately 3 min.), the structure in 
the heat-affected zone will be completely 
transformed, giving ferrite and carbide 
(labeled F + C), with a hardness of 31 
Rockwell C. This transformation is 
slower as the temperature of transforma- 
tion is increased. As shown in the dia- 
gram (Fig. 9), the time for complete trans- 
formation at 1000° F. is over 10,000 sec., 
or about 24/,hr. The resulting structure, 
however, is softer, having a hardness of 
only 17 Rockwell C, with the possibility of 


These specimens 


*A very excellent atlas of isothermal trans- 
formation diagrams has been recently published 
by United States Steel; this has been freely con- 
sulted in gathering material for this paper 
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example, will transform much of the struc- 
ture in the heat-affected zone to marten- 
site, with a hardness of 49 Rockwell C. 
In any transformational diagram, meas- 


urements of the hardness of the specimens 


used in making the diagram often are use- 
ful. For fully transformed specimens, 
the hardness increases as the transforma 
tional temperature decreases. For speci- 
mens with continuous cooling, the increase 
in hardness, with increased cooling rates, 
is also related to the transformational 


characteristics of the steel. 

Much of the discussion so far has dealt 
with a comparison of the transformation 
of austenite with isothermal or continuous 
cooling. In welding with no preheat or 
postheat, the structures attained in the 
heat-affected zone are those which result 


from continuous cooling. However, in 
many steels the use of preheat or postheat, 


in order to ensure completion of trans- 


100 1000 10000 100000 formation at a higher temperature with 


the accompanying lower hardness and im- 


Time , Seconds proved ductility, is essential for the pro- 


Fig.9 Isothermal diagram for S.A.E. 1321 steel containing 0.20% carbon, 1.88% — duction of crack-free welds with the desired 


manganese (U.S. Steel, Reference 11) mechanical properties 


Fig. 10 Bead weld bend-test specimens on S.A.E. 1050 steel showing effect of postheat on ductility. Specimens from left to 
right welded with no preheat, with 400° F., 500° F., 600° F. and 800° F, Preheat, respectively. 


Table for Fig. 10 temperatures below the M, temperature, EFFECT OF PREHEAT AND 
which in this steel is approximately 750° POSTHEAT 
F. Cooling to 600 F. at a rapid rate, for The effect of increasing preheat tem- 


Maximum Angle at 
Vickers Maximum 
hardness, 

HAZ 

536 

354 

314 

306 

209 


increased ductility. It is also to be noted 
that if the heat-affected zone is permitted 
to cool at a sufficiently rapid rate, a hard, 
martensitic structure will be formed at 


Table for Fig. 11 


Angle at 


Fig. 11 Bead weld bend-test specimens on S.A.E. 1050 steel showing effect of 
preheating at 600° F. and postheating at 600° F. for 0, 6 and 20 min. 
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Table for Fig. 12 


Angle at 
maximum 


Treatment 
Postheated 
Tempered 


perature for Unionmelt welds on a '/,-in. 

thick 8.A.E. 1050 steel is shown in Fig. 10. 

The welds in these bend specimens were 

made using 400 amp. d. c.-r. p., 26 v. and 

40 in. per min. travel, with “Oxweld”’ No. 

40 electrode and Unionmelt composition 

50-grade, 8- by 150-mesh. Preheating at 

400° F. was not sufficient to produce good 

ductility; a gradual improvement in 

ductility was obtained with preheats of 

500 to 800° F. In Fig. 11 are shown the 

effects of a preheat treatment at 600° F, 

with a postheat of 600° F. for only 6 
Fig.12 Bead weld bend-test specimens on S. 1.E. 1050 steel showing advantage of 

600° F. postheat (shown on left) over 600° F. tempering heat treatment (shown on min., transformation _— almost com- 

right) plete, and the ductility was almost 

as good as a postheat treatment at 

600° F. for 20 min. It is essential that 


Table 1—Composition and Suggested Time and Temperature for Steels Shown in Figs. 14 and 15 


Time of postheat for 
S.A.EB. Chemical composition - complete transformation — Maximum quench 
Steel ) %o %Ni %Mo %Other Temp.,° F. Time min. Hardness, Re hardness, R« 
1 
1335 3: 7 10 


2160 
2260 
2340 
2512 
3140 
3330 


4037 


4130 
4340 
4360 


4615 

4640 

5140 

6145 

8630 

8660 

8745 
2.01 Si 
0.030 Zr 
0.70 Si 
0.0018 B 
0.0013 B 
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Fig. 13 
heat of 400 and 500° F. 


Table for Fig. 13 


Maximum 
Postheat Vickers 
Preheat. time, hardness, load, 
F. min. HAZ degrees 

354 16 
wo 30 351 17 
500 es 314 31 
500 3 325 29 


the postheat treatment is run immediately 
following welding, since cooling the speci- 
men to room temperature and then re- 
heating to 600° F. for 20 min., normally re- 
ferred to as a tempering treatment, is not 
effective in improving the ductility (Fig. 
12). Postheat treatment at 400 and 500° 
F. at temperatures below the M, (start of 
martensite transformation) temperature 
was not effective in improving the ductility 
(Fig. 13). 

Figures 14 and 15 show diagrams which 
indicate time-temperature relationships 
for complete transformation for a range of 
compositions of steel given in Table 1 
These diagrams may be used as a guide for 
postheat treatment for improved ductility 
in the heat-affected zone. In welding, 
maximum ductility in the heat-affected 
zone will be obtained by using sufficient 
preheat or postheat to ensure complete 
transformation at a temperature suffi- 
ciently high to lifnit the hardness after 
transformation to a level which provides 
the desired ductility. For steels such as 
S.A.E. 4130 and 3140 with rapid trans- 
formation characteristics, a mild preheat 
may be sufficient to maintain the tempera- 
ture at a high enough level so that trans- 
formation is completed without the use of 
additional postheat to retard the cooling. 
This will be particularly true for thinner 
sections. For steels such as 8.A.E. 4340 
and 8660 and in heavier sections, the pre- 
heat temperature will not be sufficient to 
maintain the postheat temperature long 
enough to obtain transformation at the 
desired level. 
mediately following the welding operation 


\ postheat treatment im- 


will permit the transformation to take 
place at the desired temperature during 
the cooling cycle. 

Recent metallurgical developments have 
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emphasized the addition of boron to the 
leaner medium-alloy steels in order to im- 
prove their hardenability. Since the 
maximum hardness in the heat-affected 
zone with its related ductility is a function 
of the hardenability of the steel, the weld- 
ing of these steels has raised a number of 
questions. It is fortunate, however, that 
from a welding standpoint, two factors 
have simplified the handling of these steels. 
First, previous tests have indicated that 
the hardenability of boron-bearing steels 
may decrease as the temperature of treat- 
ment is increased. In a like manner the 
high temperatures in the heat-affected 
zone accompanying welding will tend to 
reduce the hardenability in this zone. 
Second, as shown in Fig. 15, steels S.A.E. 
86B20 and S.A.E. 10B60 compared with 
similar steels without boron, show little 
effect of boron on the time-temperature 
for completion of transformation. Conse- 
quently, it is to be expected that the use of 


Pair at right treated at 500° 
heated after welding at temperature for 30 min. 


Bead weld bend-test specimens on S.A.E. 1050 steel showing slight improvement in ductility with preheat and post- 
Pair at left treated at 400° F. , 


Second specimen in each set post- 


preheat and postheat in welding a boron- 
bearing steel] will be similar to that for a 
steel of like composition without boron 


TYPICAL APPLICATIONS 


In the following sections are presented 
a number of actual applications of con- 
trolled preheat and postheat treatments in 
submerged-are welding of alloy steels. 

In one application it was desired to 
build up two 7 4/,-in. diameter solid rolls, 
24 in. in length. These rolls were made of 
S.A.E. 4145 and 4340 steels. The rolls 
were to be built up 2 in. in thickness on 
the radius, using appropriate welding 
conditions with 8.A.E. 4150 and 4350 com- 
position electrodes. As can be seen from 
Fig. 14, transformation isothermally for 
steels 8.A.E. 4130 and 4340 is most rapid 
at a temperature range of 500 to 700° F 
The desired build-up was obtained by us- 
ing the following technique: 


S.A.E. Steel No 


Roll Electrode ( Vickers) 
$145 $150 260 
4340 4350 260 


Unionmelt composition 

Welding power 

Welding electrode 

Rod angle 

Electrode off-center 

Preheat and interpass temperature 
Postheat temperature 


Weld-Metal hardness 


Welding conditions 


Amp. Volts Speed, ipm 
310 30 12 
310 30 12 


80-grade, 12- x 200-mesh 

Direct current-reverse polarity 

5/so in, diameter 

30-degree backward 

1'/sin 

500 to 700° F. (Fig. 14) 

500 to 700° F. maintained for 20 min. with 


slow cool 


In a second application, it was desired 
to determine the effect of preheat and post- 
heat on '/,in. thick S.A.E. 4130 steel. 
The following welds were made: 


Jackson, Shrubsall 


We lding conditions 


Weld no. Amp Volts Speed, ipm. 
850 28 16 
‘ 850 28 16 
17290 850 28 16 


Unionmelt composition 
Bevel preparation 
Backing 

Welding power 
Welding electrode 


Preheat, ° F. Postheat, ° F 
None None j 
650 650 (5 min.)2 Fig. 14 
850 850 (2 min 
80-grade, 20- by 200-mesh 
60-degree total angle */).-in. nose 
'/>- by 4-in. copper bar 
Alternating current 
Oxweld No. 40, '/, in. diameter 


Submerged-Arc Welding 


Hordness , Re 


1000 
8600 
600 
400 


200 


$10 10% 108 510 10 103 105 
Time , Seconds Seconds 

Fig. 14 Diagrams of S.A.E. steels showing time-temperature relationship for complete isothermal transformation. Trans- 

formation is completed at time and temperatures to the right of the curve shown. See Table 1 for chemical composition 

and suggested time and temperature for postheat 
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Temperature °F 
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Hordness , Rc 


, Seconds 
Fig. 15 Diagrams of S.A.E. steels showing time-temperature relationship for complete isothermal transformation. Trans- 
formation is completed at time and temperatures to the right of the curve shown. See Table 1 for chemical composition 
and suggested time and temperature for postheat 
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The hardnesses, measured in the heat- 


affected zones and weld metal on cross 
sections from these welds, were as follows: 


SUMMARY 


These examples illustrate the use of pre- 


—Marimum HAZ hardness — 
Vickers 


Weld no. Rockwell C 
17250 35 
17249 27 
17290 21 


-W eld-metal 
Rockwell C Vickers 
350 30 300 
280 25 265 
245 18 230 


hardness— 


From Fig. 14, the hardnesses in the 
heat-affected zones for Welds Nos. 17249 
and 17290 were slightly lower than would 
have been obtained from a true isothermal 
transformation at the preheats and post- 
heats employed. This is expected, since 
the plates were cooled slowly after the 
postheat undoubtedly 
transformed at a temperature above the 


treatment and 
postheat temperature. 

In another application it was desired to 
butt-weld an S.A.E. 1060 steel tubing 
1*/,¢ in. thick and 15 in. in diameter in the 
fabrication of drying rolls. From Fig. 14 
in the diagram for S.A.E. 1050 steel, a 
minimum preheat of 550° F. is indicated. 
Sound welds were made in this tubing, 
using the following technique: 


heat and immediate postheat for produc- 
ing weld joints with improved ductility, 
Essentially, the diagrams in Figs. 14 and 
15 are of sufficient similarity to serve as a 
guide in setting a technique for an un- 
known steel. In order to establish the 
minimum time which might be used with 
any such as 
shown in Figs. 10 to 13, would be useful. 
Maintaining the postheat for a longer 
period than necessary for transformation is 
actually metallurgically beneficial. In the 
welding of medium-alloy steels, the pieces 
are sometimes preheated in a furnace, 
welded with this preheat maintained, and 
then returned immediately to the furnace 
and held for 
minimum requirement. 


steel, a series of specimens, 


a time far in excess of the 


Weld no. Electrode 
15505 Inside 
15506 Outside 

Unionmelt composition 


Side 


Bevel preparation Outside: 


Backing 

Welding power 
Electrode diameter 
Preheat temperature 
Postheat temperature 


550° F. 


Oxweld No. 36 

Oxweld No. 206 
00-grade, 20- by D-mesh 
Inside: 90-degree total angle, 

100-degree total angle, */;. in. deep 

Special copper bar 

Alternating current 


Welding conditions 
Amp. Volts Speed, ipm. 
900 31 5 
950 31 5 


in. deep, root face 


ein. 
550° F. (Fig. 14) 
1 hr. minimum 


In a fourth application, tubes of 8.A.E. 
4340 steel, 5 */,in. 1.D. by 7 in. O.D., were 
butt welded. From Fig. 14, a postheat 
treatment at 600 to 700° F. appeared 
logical from the diagram for S.A.E. 4340 
steel. The desired butt welds were ob- 
tained by using the following multipass 
welding technique: 


In summary, in the welding of medium- 
alloy steels, it is essential to again point 
out that: 

1. Maximum quenched hardness is de- 
pendent upon the carbon content (Fig. 5). 

2. The area for complete transforma- 
tion is shifted to the right toward longer 
times with increased carbon content (See 


Welding conditions 


Passes 
1 and 2 
3,4 and 5 
6, 7 and 8 
Unionmelt composition 
Bevel preparation 


Backing rings. . 

Welding power 

Welding electrode 

Electrode off-center 

Preheat and interpass temperature 
Postheat temperature 


Speed, ipm. Offset, in. 
9 7/gand 1 
9 

9 

80-grade, 12- by 65-mesh 

U-groove, */\-in. radius, ' 

gree total angle 

53/,in. O.D. by 3/5 in. 

Alternating current 

*/iein. Oxweld No, 502 

Nos. 1 and 2, ?/s and Lin. 

\ Nos. 3 to 8, 1'/sin. 

650 to 700° F. (Fig. 14) 

650 to 700° F. 1 hr. minimum 


iin. nose, 20-de- 


thickness 


Figs. 14, S.A.E. 1019 and 1050) or in- 
creased ‘dies content (See Fig. 14, 8.A.EB. 
4130 and 4340). 

3. The postheat temperature required 
to maintain a given level of hardness in 
the heat-affected zone generally increases 
with carbon content. (See 8.A.E. 1019 
and 1050, Fig. 14.) 

4. Welding electrodes with composi- 
tions and properties suitable for the in- 
tended service must be selected. Often a 
more simple composition or one matching 
the composition of the base metal may be 
used, depending upon whether the final 
structure is subjected to further heat treat- 
ment. 

5. Postheat treatment is 
vantageous in welding those steels which 
are sufficiently sluggish in their transfor- 
mation, so that a simple preheat practice 
results in low ductility in the heat-affected 
zone. 

6. The newer boron-bearing steels show 
little effect of the boron on the time-tem- 
perature for completion of transformation 

7. The diagrams which are presented 
have been developed generally from stand- 
ard heat-treatment practices. The high 
temperatures and shorter time-tempera- 
ture cycles, accompanying welding, will 
modify the transformation somewhat. 
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ressure Vessel Steels 


by R. D. Wylie and H. Thielsch 


Summary 


In the design of pressure vessels for service applications at ele- 
vated temperatures, various factors may impose limitations on 
the service life. Thus, such factors as creep and stress-rupture, 
fatigue, surface oxidation, structural changes witbin the material, 
corrosion and others have to be considered in the selection of ma- 
terials and in the design of pressure vessels. Among these, creep 
and stress-rupture represent two of the more Important lactors 
Creep is generally defined as the time-dependent part of the de- 
formation which accompanies the application of a constant load 
to a solid 
1% in 100,000 hr. Stress-rupture, on the other hand, is the time 


Usually it is expressed as a deformation rate, e.g., 


required for fracture under a constant load or, more often, the 
stress required to produce fracture in a specified time 

Since this discussion is to serve primarily as an interpretive 
engineering statement of the latest knowledge on the creep and 
stress-to-rupture characteristics of pressure vessel materials, de- 
tailed research results as well as theoretical hypotheses have been 
omitted. 


INTRODUCTION 


HEN a load is applied to a metal at an elevated 
temperature over a prolonged period of time, the 
metal may undergo continuous plastic deforma- 
tion, that is, it may experience a progressive 
change in its dimensions. The amount of gradual 
deformation or ‘flow’? depends on the composition, 
processing and heat treatment of the material, the 
temperature, the shape of the section and the initially 
applied stress. At certain temperature levels creep, 
which is the term used to describe this progressive 
dimensional change, may occur in metals even at 
stresses below the short-time yield strength or propor- 
tional limit. 
limit, which are determined by short-time tensile tests 


Thus the yield strength and proportional 


at room or at elevated temperatures, do not represent 
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reep and Stress-to-Rupture Properties of 


§ An interpretive engineering statement of present knowledge on the 
creep and stress-to-rupture characteristics of pressure vessel steels 


satisfactory criteria for the design of pressure vessel 
equipment over the entire temperature range. Even 
for those cases where total deformation is considered 
relatively unimportant, data obtained from short-time 
elevated-temperature tensile tests must still be aug- 
mented by long-time sustained load tests since creep 
at elevated temperatures may terminate in fracture 
even at loads considerably less than the short-time 
tensile strength. Such high-temperature fractures are 
commonly referred to as stress-rupture failures, and 
the long-time tests, generally under constant load, 
carried out to fracture are called  stress-to-rupture 
tests. 

Since short-time elevated-temperature tensile tests 
do not furnish data which are suitable to the design 
engineer for high-temperature applications, a great 
many long-time tensile tests have had to be and are 
being made on various materials at elevated tempera- 
tures to determine the rate of deformation or creep 
rate, or the fracture time, as a function of applied stress 
and temperature. It may seem most desirable to 
be able to determine so-called “creep limits,’”’ which, 
for each material, would represent the stress at a 
particular temperature below which plastic deforma- 
tion or creep either would not occur or would occur at 
too slow a rate to be significant. Such a limit, however, 
is merely a practical assumption, not a true value, 
since creep may be found to oecur at increasingly lower 
temperatures and stresses as the accuracy and sensitiv- 
ity of the testing equipment improve 

Since a definite creep limit does not exist, engineers 
must take into consideration some degree of plastic 
yielding during service and design in accordance with 
such maximum applied stresses as will result in no 
more than certain specific limiting deformations during 
the contemplated service life of the vessel. The 
amount of permissible deformation and the contem- 
plated service life may vary for different applications 
In most pressure vessels as, for example, those built 
to ASME Boiler Code rules, the stress to produce 
a creep rate of 1.0% elongation in 100,000 hr. 
determined from tests lasting only a few thousand 
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hours, has been considered a limiting value; however, 
this is generally considered a practical limit based on 
experience and is not necessarily the maximum defor- 
mation the vessel could satisfactorily sustain. In 
the design of mechanical equipment, such as turbines 
and pumps, required clearances might necessitate the 
use of lower stresses to limit the creep to elongations 
of less than 1.0% in the desired life time. Where 
large deformations can be tolerated, as for example 
in still tubes, the results of stress-to-rupture tests may 
have a greater significance than those of creep tests. 

Thus, in the design of vessels, it is necessary to know 
the effects of the three independent variables: _ stress, 
time and temperature on the plastic properties and 
fracture strength of the materials from which the vessel 
is to be constructed. Such information is obtained 
from creep tests. Since creep rates, as determined by 
creep tests, will not indicate the order of elongation 
with which a material will fail, it is also desirable to 
know the stresses which will result in rupture as a 
function of time and temperature. This information is 
obtained from stress-to-rupture tests and has been used 
together with creep and short-time tensile-test data 
by the ASME Boiler Code Committee, the American 
Petroleum Institute and by similar organizations abroad 
to establish design stresses for the materials which 
are used in pressure vessels intended for service at 
elevated temperatures. 


TEST DATA 


One of the major problems in the design of pressure 
vessels intended for long service (such as 10, 15 or 25 
years) at elevated temperatures is that design values 
must be based upon extrapolation of relatively short- 
time laboratory test data. 

In addition to the determination of the relation 
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CONSTANT DEFORMATION 
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TO RUPTURE 
70 
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A 


i iL i 
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Fig. 1 Creep time vs. elongation curves at a given tem- 
perature 


(For many steels the duration of the third stage is equal for that of the 
first and second stages combined.) 
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between deformation and time (the creep rate), it is 
also important to know the total amount of deformation 
which the material can experience before it ruptures. 
Otherwise, the vessel, which is designed on the basis 
of extrapolated creep data, may fail because the par- 
ticular material ruptured before attaining the con- 
templated (permissible design) strain. Thus, the 
engineer should be interested in stress-to-rupture data 
as well as in creep data. 

The creep and _ stress-to-rupture tests are very 
similar. In each test, a tensile specimen is loaded in 
uniform axial tension at a constant temperature. 
However, whereas in the creep test the changes in 
length (elongation) are recorded, in the stress-to-rupture 
test the time required to cause failure is of primary 
interest. In order to cause rupture in practical testing 
periods (up to 10,000 hr.), higher applied stresses are 
usually used in the stress-to-rupture test than in the 
creep test. In the more modern machines both test 
criteria are usually measured so that determination 
of changes in length (strain rates) are made during 
the stress-to-rupture test. 


Creep Data 


The conventional creep test represents a precise 
measurement of the deformation of a tensile specimen 
exposed under a constant load at a particular elevated 
temperature. The tests are performed with very close 
temperature control and are usually run for times of 
from 1000 hr. to 10,000 or 20,000 hr. The elongation 
is read at more or less regular time intervals. 

The results of typical creep tests for several different 
loads (or, instead, for different temperatures) are 
shown in Fig. 1. The curves may be divided into 
four sections designated by OA, AB, BC and CD. 

1. OA represents the elongation which occurs as 
soon as the load is applied. It consists partly of an 
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Fig. 2 Stress vs. deformation-rate curve 
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elastic strain (recoverable) and partly of a plastic 
strain (not recoverable). Generally this stage (OA) is 
referred to as a rapid straining. 

2. AB, also called first-stage creep, is a period char- 
acterized by a decreasing creep rate. 

3. BC, or second-stage creep, is characterized by a 
relatively constant creep rate which also represents 
the minimum rate. 

4. CD, or third-stage creep, corresponds to an in- 
creasing creep rate which ends in the rupture of the 
specimen. 

The logarithm of the deformation rate, in the second 
stage of creep (BC), frequently expressed in per cent 
elongation per hour, usually is either a natural or log- 
arithmic function of the applied stress at a given tem- 
perature. The latter relationship is illustrated in 
Fig. 2. In plotting this curve, it is well to have data 
for at least three loads (stress levels) at a given tem- 
perature, so that it will be possible to interpolate or 
extrapolate with some degree of assurance. A plot 
such as this is used to determine the normally accepted 
design criteria as, for example, the stress Y to produce 
a second-stage (constant) creep rate of 1% in 10,000 
hr. (1'/s year), corresponding to a creep rate of 0.0001% 
per hour or the stress Z to produce a creep of 1% in 
100,000 hr. (11'/, years), equivalent to a creep rate 
of 0.00001°% per hour. These respective points are 
indicated in Fig. 2. The usual custom of considering 
a creep rate of 0.0001° per hour as equivalent to one 
of 1% in 10,000 hr. or of 0.00001°% per hour as equiv- 
alent to one of 1% in 100,000 hr. is an assumption 
which may or may not be entirely valid. 

The third stage of creep (CD) is characterized by 
an increase in the rate of elongation. This stage of 
creep is caused by the reduction in cross-sectional 
area or by a damaging structural change or by inter- 
granular oxidation. Once the material has entered 


this stage it is not possible to restore its original prop- 
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Fig. 3 Stress vs. initial third-stage creep curve 
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erties by further mechanical or thermal treatment. 
Consequently, creep rates of this stage are never used 
in the design of pressure vessels. Thus, it is important 
for the designer to know that, at the design stress, 
the material will not enter the third stage of creep 
before the expected service life of the vessel has been 
completed. 

By plotting, on logarithmic paper as in Fig. 3, the 
applied stress versus the time at which the specimen 
enters the third stage of creep, the maximum stress 
at which the specimen will still exhibit a constant rate 
Of creep is obtained for given testing times. Since 
the change from second- to third-stage creep generally 
is not abrupt, this curve represents an empirical inter- 
pretation of the maximum second-stage creep stress. 
Data of this type often are not as useful to the design 
engineer as the information obtained from stress-to- 
rupture tests. 


Stress-to-Rupture* Data 

Stress-to-rupture data are obtained from high- 
temperature, long-time tensile tests in which the speci- 
men is tested to rupture. Higher stresses (or loads) 
usually are applied in stress-to-rupture tests than in 
creep tests in order to obtain rupture in reasonable 
times of the order of 100 to 5000 hr. However, many 
tests have been conducted much longer and the same 
time range could be used as in the creep test. 

In order to obtain a straight-line relationship, the 
stress is generally plotted against the time for rupture 
at a constant temperature on log-log coordinates as 
illustrated in Fig. 4. For many materials, a sudden 
change in slope (Curve C) often is observed in the stress- 
to-rupture curves. This change is sometimes asso- 
ciated with a change in the type of fracture from 
transgranular at relatively short fracture times to 
The term qrewp-to-rapture, although leas, is technically a0 


curate. Some authors use this term to denote a continuation of the creep 
test to rupture 
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Fig. 4 Stress vs. rupture-time curve 
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intergranular at longer times. However, steels that 
do not show a break in the slope of the curve may also 
fail intergranularly in the more prolonged tests. The 
transition from transgranular to intergranular fracture 
is not abrupt, and mixed fractures occur at intermediate 
rupture times. Since intergranular fractures generally 
start at the surface of the specimen, they are con- 
siderably affected by the stability of the material with 
respect to the atmosphere which surrounds the speci- 
men. Other types of phenomena such as sigma phase 
formation in certain stainless steels, rates of strain 
hardening, reerystallization, and spheroidization and 
tempering in quenched or normalized steels may also 
cause a break in the rupture curve. 

Creep and stress-to-rupture data, expressed as stress 
to produce a specific creep rate or rupture time, are 
sometimes replotted on natural coordinate or semi- 
logarithmic coordinate paper as stress, or log-stress, 
for a constant strain rate versus test temperature, as 
shown in Fig. 5. This procedure allows extrapolation 
or interpolation between the test data for various tem- 
peratures. Generally, however, the log-log curves 
for constant test temperatures (Fig. 4) are preferred. 


MISCELLANEOUS FACTORS AFFECTING 
CREEP STRENGTH 

The creep and stress-to-rupture properties are con- 
siderably influenced by the metallurgical characteristics 
of the material and the testing and service environ- 
ments to which it is exposed. 

The most important metallurgical characteristics 
of the material are (1) chemical composition, (2) 
structure and grain size which are primarily controlled 
by the prior processing and heat treatment and (3) 
structural stability at testing or service temperature. 
Close control of many of the metallurgical factors is 
not always possible, since some of them are dependent 
upon the chemical composition, the steelmaking prac- 
tice, the prior heat treatment and fabrication processes. 


Effects of Composition 


Composition is the most obvious and important 
variable which affects the high-temperature strength 
of steels. Improvement in creep and stress-to-rupture 
properties by alloying additions generally may be 
related either to the amount and size of fine particles 
which are distributed within the structure of the steel 
or to a general strengthening effect of the over-all 
(matrix) structure without the formation of such 
particles. However, the mere addition of alloying 
elements does not insure higher creep and_ stress-to- 
rupture properties. Thus, some elements may reduce 
these properties. Other elements which may act in 
a highly beneficial manner in certain quantities may 
be detrimental in other quantities. The correct usage 
of alloying elements by the steel producer is highly 
important when, with careful quality control and fur- 
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Fig 5 Creep stress vs. temperature curves 


ther research, he strives to improve present grades 
of steel and to develop new grades. Typical creep 
and stress-to-rupture curves for a carbon steel, two 
low-alloy steels and an 18-8 (Cr-Ni) stainless steel 
are shown in Figs. 6 and 7, respectively. The curves 
show how the elevated-temperature strength of steel 
may be effectively increased by addition of molyb- 
denum or by highly alloying as with the stainless alloy. 


Effects of Structure and Grain Size 


Definite values of creep and stress-to-rupture prop- 
erties cannot be accurately predicted from composi- 
tion alone. This is because these properties are also 
structure sensitive. 

At temperatures above the so-called equicohesive 
temperature* which varies for different steels (usually 
between 800 and 1000° F. for low-alloy steels) coarse- 
grained steels generally exhibit better creep and stress- 
to-rupture properties than fine-grained steels. Below 
the equicohesive temperature the trend reverses and 
steels with a fine grain size usually exhibit superior 
creep and stress-to-rupture properties. 


Effects of Heat Treatment 


Heat treatments are important primarily because 
of their effects on the structure of the steel. For 
example, heat-treating temperatures and techniques 
which produce a larger grain size generally will im- 


prove the creep and _ stress-to-rupture properties of 
steels at the more elevated temperatures. Cooling 


* The equicohesive temperature is the temperature at which the grain 
strength (strength of the material within the grains) is equal to the strength 
of the material at the grain boundaries. Above the equicohesive tempera- 
ture the grain strength is higher and below the equicohesive temperature 
the grain strength is lower than the grain boundary strength Thus, above 
the equicohesive temperature failure will be intergranular and below the 
equicohesive temperature failure will be transgranular. The equicohesive 
temperature is affected differently by various factors For example, in- 
creases in the rate of straining will raise the equicohesive temperature 
Thus, this term, although being of considerable convenience, describes only 
a relative temperature depending upon the specimen material and testing 
conditions. 
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Fig. 6 Effect of alloy additions on creep strength. (Stress 


for creep rate of 19% per 10,000 hours 


rates from the temperatures of the heat treatment are 
of similar importance. Other factors such as distribu- 
tion of the structural constituents, as carbides, also are 
important as they are affected by heat-treating tem- 
peratures and cooling rates. Thus, a normalized and 
tempered steel is often superior to the same steel in 
When heat-treated 


steels are employed at elevated temperatures it is 


the fully annealed condition 


customary to use a tempering temperature at least 
150° F. above the expected service temperature 


Effects of Testing Variables 


Among the testing variables, it is most important 
that the testing temperature be kept constant. Short 
durations at higher temperatures may considerably 
reduce the creep and stress-to-rupture properties. 

Stress-to-rupture and creep tests lasting 5000 hr. 
or longer are more significant than shorter tests be- 
cause the longer tests minimize the errors introduced 
by the extrapolations necessary for practical use of 
the data. 
be considerably in error when extrapolated to 100,000 


Thus creep or stress-to-rupture data can 


hr. from relatively short-time tests, for example tests 
of 1000 hr. or less. 

Some of the variables, which can affect the results of 
tests obtained in different laboratories, are the me- 
chanical operation of the test equipment and the design 
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Fig. 7 Effect of alloy additions on the rupture strength. 
(Rupture time of 10,000 hours 


of the test specimen. The precision of temperature 
control, the precision of stress application and the 
precision of the strain-measuring equipment have an 
important effect on the final test results. A_ less 
understood, but probably important factor, also may 
be the variation in the dimensions of the creep and 
rupture specimens used in different laboratories 
Reference should be made to A.S.T.M. Specification 
') 22 for recommended testing procedures 

After the engineer and metallurgist are assured that 
the data on hand meet the qualifications necessary 
for the job—that is, the right material at the right 
temperature for a long enough duration of time to 
give a certain degree of assurance to extrapolation—a 
survey should then be made of the intended applica- 
tion for possible sources of trouble. Some of the 
important variables in operation are temperature 
cycling, stress cycling, corrosive atmospheres and ther- 
mal stresses over and above the major applied stress 

It is well to consider that most creep and stress-to- 
rupture tests are performed at a constant temperature, 
and that cyclic temperatures may materially reduce 
the strength of the metal when in service, because of the 
additional thermal stresses introduced which may 
shorten the expected life of the vessel. Possibly, some 
test data may, in the future, serve as a guide in es- 
tablishing safety factors for applications in which 
materials are exposed to specific operating conditions, 
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although thermal stresses of the same order of magni- 
tude and distribution as are encountered in service 
are difficult, if not impossible, to reproduce in the 
laboratory. 


APPLICATION OF CREEP DATA TO THE 
DESIGN OF PRESSURE VESSELS 

For most pressure vessel design engineers, the de- 
cision on what allowable stress value to use for a given 
material at a given temperature has been solved by 
the Construction Code under which the vessel is to 
be built. In the United States, the values for design 
stresses for steels are established by the Subcommittee 
on Stress Allowances for Ferrous Materials of the AS- 
ME Boiler Code Committee. This Subcommittee 
studied all of the available data and established tables 
of maximum allowable design stress values. 

In the determination of stress values, the ASME 
Subcommittee on Stress Allowances for Ferrous Mate- 
rials was guided by successful experience in service 
with the particular steels in question in so far as evi- 
dence of satisfactory performance is available, such 
evidence being preferred to all forms of test data. 
However, in the evaluation of new materials it was 
always necessary to be guided, to a certain extent, by 


the comparison of test information with similar data 
on established materials, and in carrying out this 
process on examination and evaluation the Subcom- 
mittee found the considerations as given in the following 
paragraphs useful. 

At temperatures below the creep range, allowable 
stress values were established at the lowest value of 
stress obtained from using 25°% of the specified mini- 
mum ultimate strength at room temperature or 25°; of 
the minimum expected ultimate strength at temperature, 
or 62'/.% of the minimum expected yield strength 
for 0.2% offset, at temperature. For bolting material 
the stress values were based on 20°) of the minimum 
tensile strength or 25% of the yield strength for 0.2% 
offset, whichever is lower. (It is recognized that 
bolts are always expected to work at stresses above 
the design value as distinguished from other parts.) 

No credit was allowed for any improvement in ten- 
sile properties by special heat treatment. 

At higher temperatures, where creep governs, the 
stress values were based on 100° of the stress to pro- 
duce a creep rate of 0.01% per 1000 hr, the 
chosen being based on a conservative average of many 
reported tests as evaluated by the Subcommittee, 


values so 


greater weight being given to longer time tests in 


evaluating data. In addition to the above-stated 


Table 1—Maximum Allowable Stress Values in Tension for Carbon and Low-Alloy Steel Plates in Pounds per Square Inch* 


Speci- Spec. Min, - -~For metal temperatures not exceeding (° F.):———— — 
fication Tensile 
Strength 


000 


Grade Notes 750 800 900 950 1000 


(1) (3) 


Material 
Carbon steel plates 
Flange 12,050 
Firebox A (4) 
B 


10,200 
5, 500 
5, 500 


10, 260 


9/600 
10/200 
12/660 


Chromium-manganese-silicon 
ee! plates 
teel plates 


Cc arbon- steel plates 


Mo ! 75, mf. 5,§ 000 
Manganese- -vanadium steel plates 

Mn 

Mn 
Chromium-molybdenum steel 

plates 

Cr-'/: Mo J eee 5 5,65 . 2,5 10,000 

Manganese-molybdenum steel 


d re 75,000 18,000 a 13,000 10 ,000 
B cee 80 ,000 19,100 6 13,250 10,000 


° ts Construction Code Tabie UG-23 (Boiler Construction Code—1950 Edition and subsequent revisions). 
(1) See Paragraph UG-6, Boiler Construction Code—1950 Ex dition. 

(2) Flange quality in this specification not permitted over 850° 

(3) These stress values are one-fourth the specified minimum tensile strength multiplied by a quality factor of 0.92. 


(4) For service temperatures above 850° F. it is recommended that killed steels containing not less than 0.10% residual silicon be used. Killed steels which 
have been deoxidized with large amounts of aluminum and rimmed steels may have creep and stress-to-rupture properties in the temperature range above 850° 
F., which are somewhat less than those on which the values in the above table are based. 

(5) These stress values apply to normalized and drawn material only. 

(6) The stress values to be used for temperatures below —20° F. when steels are made to conform with Specification SA-300 shall be those that are given 
in the column for —20 to 650° F. 
bene ) a temperatures of 750 to 1000° F., inclusive, the stress values for Specification SA-212, Grade B, may be used until high-temperature test data 

ome available. 
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fo 
| 
— 
SA-129 44,000 0 
8A-201 55,000 1750 13,250 12,050 8,350 6,500 4,500 2500 
A SA-201 60 ,000 000 14,350 12,950 10, 800 8,650 6,500 4,500 2500 
SA-212 65,000 250 15,500 13,850 11,400 8,950 6,500 4,500 2500 
Jes | SA-212 70 ,000 1H 500 16,600 14,750 12,000 9,250 6,500 4.500 2500 : 
SA-283 1) (3 45,000 10,350 eee 
SA-283 650 ane ‘ 
SA-285 250 11,000 10,250 7,750 6,500 
SA-285 812,100 11,150 8,050 6,500 
= SA-285 750 13,250 12,050 8,350 6, 500 
SA-299 17,700 15,650 91550 6,500 4,500 2500 
a SA-202 A «se 75,000 18,750 17,700 15,650 12,600 9,550 6,500 4,500 2500 
aNG SA-202 B os 85,000 21,250 19,800 17,700 12,800 9,900 6,500 4,500 2500 
SA-203 A.D ... 65,000 16,250 15,500 13,850 11,400 8,950 6,500 4,500 2500 
ie - SA-203 BLE oe 70 ,000 17,500 16,600 14,750 12,000 9,250 6,500 4,500 2500 
SA-203 Cc 75,000 18,750 17,700 15,650 12,600 9,550 6,500 4,500 2500 
* SA.204 A 65.000 16.250 16.250 16.250 15.650 14.400 12,500 10.000 6250 
6250 
6250 
6250 4 
plates 
1 Mn Mo SA-302 6250 = 
1 Mn - Mo SA-302 6250 
at 
| 
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Speci- 
fication 
Alloy material AlSJ.type No. Grade Notes 
12 Cr 410 
12 Al 405 
14-16 Cr eee 
17 Cr 
18-8 (Cr-Ni) 
18-8 (Cr-Ni) 
18-8 Mo (Cr-Ni-Mo) 


18-8 Ti (Cr-Ni-Ti) 


Tow 


= 


18-8 Cb (Cr-Ni-Cb) 
25-12 (Cr-Ni) d 
25-20 (Cr-Ni) : SA-167 (2) 
25-20 (Cr-Ni) SA-16 (3) 

(1) 


(1) 


tensile 
strength 
65,000 


70,000 


Table 3—Maximum Allowable Stress Values for High- 


-—————-For metal temperatures not exceeding (° F.): 
to 


200 300 500 600 650 
15,600 15,100 14,150 13,850 13,700 
15,000 14,700 13,950 13,400 13,000 
17,500 16,300 15,100 14,600 14,300 
17,500 16,300 15,100 14,600 14,300 


17,000 16,000 15,100 14,900 14,850 


16,650 15,000 12,500 11,600 11,200 


18,750 18,750 17,900 17,200 17,100 17,050 


18,750 17,000 15,800 15,200 14,900 14,850 


18,750 18,750 17,000 15,800 15,200 14,900 14,850 


18,750 17,300 16,700 16,600 16,500 16,450 
18,750 18,500 18,200 17,700 17,200 16,900 
18,750 18,500 18,200 17,700 17,200 16,900 
17,000 16,000 15,000 14,000 13,000) 12,500 
17,000 13,400 11,000 9,700 9,000 8,750 
17,500 15,800 14,750 14,000 13,600 13,450 
17,500 14,500 12,000 11,000 10,150 9,800 

————--Same as Type 316 L-- - 


* Boiler Construction Code Table UHA-23, prepared by Subcommittee on Stress Allowances for Ferrous Materials of the Subcom- 


mittee on Materials of the A.S.M.E. Boiler Code Committee. 
t Tentative, not yet approved by Boiler Code Committee. 


(1) These stresses are permitted when distortion can be allowed without endangering the safety of the structure. 
(2) These stress values at temperatures of 1050° F. and above should be used only when assurance is provided that the steel has a 


predominant grain size not finer than A.S.T.M. No. 6. 


(3) These stress values shall be considered basic values to be used when no effort is made to control or check the grain size of the 


steel. 


creep-strength requirement, stress values were also 
limited to 100°%* of the stress to produce rupture at 
the end of 100,000 hr., the values so chosen being 
based on a conservative average as evaluated by the 
Subcommittee. However, in most cases the creep 
strength is far below the rupture strength. Also, in a 
few cases the Subcommittee has provided stress values 
without any rupture test data on the specific composi- 
tion, such approval being based on tests of materials 
of similar composition. 

In the transition range of temperatures, the stress 
allowances were limited to values obtained from a 
smooth curve joining the values for the low and high 
temperature ranges, the curve lying on or below the 
curve of 62'/:°; of the minimum expected yield strength 
on temperature. 

In the choice of stress values in the range where a 
per cent of the tensile strength or yield strength governs, 
the limitations indicated above have been waived in 
certain cases, identified by footnote, as it was felt that 
higher stress values might be justified when deforma- 
tion was not in itself objectionable, provided all other 
requirements were met. 

Recently proposed revised allowable stress values 
for the Unfired Pressure Vessel Code (Section VIII, 1950, 
of the ASME Boiler Code, Table UG-23) are listed 
in Tables 1 to 3. These stress values have been ap- 
proved by the ASME Boiler Code Committee and 
were published in Mechanical Engineering for Septem- 
ber 1951. Similar stress values for the Power Boiler 


* This 100° value pertains to the Unfired Pressure Vessel Code (Table 
UG-23). In the Power Boiler Code (Tables P-5 and P-7) this stress limita- 
tion is 60% of the average or 80°, of the minimum stress to produce rupture 
in 100,000 hr. as reported by tes, data 
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Code can be found in Mechanical Engineering, ‘gust 
1951. 

In the design of equipment not covered by Codes, 
the design stress values may be decided upon by the 
manufacturer and purchaser of the equipment and 
should be based on the best available data plus a 
knowledge of the expected life of the equipment as 
well as the operating conditions and the possible hazard 
to personnel. Rules generally followed are: 

1. Up to 750 or 850° F., 25% of the short-time 
tensile strength and not exceeding 62'/2°% yield 
strength. 

2. Above 900° F., 100% of the stress to produce 
a second-stage creep rate of 0.01°% in 1000 hr., or 80° 
of the stress to produce rupture in 100,000 hr., which- 
ever is lower. 
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16,250 
60,000 15,000 
70,000 17,500 
70,000 17,500 
75,000 18,750 
75,000 18,750 
SA-167 on 
321 SA.240 . 75,000 
75,000 
75,000 18,750 
75,000 18,750 
8 75,000 18,750 
70,000 17,500 
304 Lt 70,000 17,500 
316 Lt 70,000 17,500 
316 Lt ... 70,000 17,500 
} 
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Alloy Plate Materials in Pounds per Square Inch* 


eee For metal temperatures not exceeding (° F.): 


700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1460 1500 

13,400 13,100 12,750 12,100 11,000 8,800 6,400 4,400 2,900 1750 1000 

12,450 11,800 11,000 10,100 9,100 8,000 4,000 ; ; 

13,900 13,500 13,100 12,500 11,700 9,200 6,500 4,500 3,200 2400 1 

13,900 13,500 13,100 12,500 11,700 9,200 6,500 4,500 3,200 2400 1 
4 


14,800 14,700 14,550 14,300 14,000 13,400 12,500 10,000 7,500 5750 4500 3250 2450 1800 1400 1000 750 


10,800 10,400 10,000 9,700 9,400 9,100 8,800 8,500 7,500 5750 4500 3250 2450 1800 1400 1000 750 


17,000 16,900 16,750 16,500 16,000 15,100 14,000 12,200 10,400 8500 6800 5300 4000 3000 2350 1850 1500 


14,800 14,700 


14 


,550 


14,300 


1,100 13,850 13,500 13,100 12,500 8000 5000 3600 2700 2000 1550 1200 1000 


14,800 14,700 14,550 


14,300 14,100 13,850 13,500 13,100 12,500 8000 5000 3600 2700 2000 1550 1200 1000 


16,400 16,200 15,700 14,900 13,800 12,500 10,500 8,500 6,500 5000 3800 2900 2300 1750 1300 900 750 
16,600 16,250 15,700 14,900 13,800 12,500 11,000 9,750 8,500 7250 6000 4750 3500 2350 1600 1100 750 
16,800 16,250 15,700 14,900 13,800 12,500 11,000 7,100 5,000 3600 2500 1450 750 450 350 250 200 
12,000 11,500 11,000 

8,500 8,300 8,100 

13,250 13,000 12'700 

9,450 9,100 8,800 

- Same as Type 316 L 
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The Uifect of Fabrica ion data that although machined 


to be preferred, the flame-cut edges are superior to 


Processes on Steels Used in yr 


Concerning their conclusion that the inferior notch 

] toughness of the flame-cut edges as compared to ma- 

Pressu re Vessels chined edges is due to eciietiieal a the writer 
would like to suggest that with steel of the analysis stud- 
‘ied, perhaps the greatest effect of flame cutting is that 
it upsets the metal immediately adjacent to the edge 
with the results that when the material has returned to 
room temperature, this zone is in a state of tension. 


Discussion by W. B. Brooks 


The authors and their sponsor, the Pressure Vessel It follows that local flame normalizing of flame-cut or 
Research Committee, are to be complimented on mak- sheared edges, as the authors suggest, would also upset 
ing a valuable contribution which emphasizes again the metal and cause residual tensile stresses, although 
the hazards inherent in sheared edges becoming part of these might not be as severe as those existing prior to 
the stressed structure of a pressure vessel as in the case the treatment. 


of the plates forming a manway or other opening pro- 
truding beyond their attachment to the shell of the 
pressure vessel. It will be recalled that such a condi- 


Author’s Reply 


tion was considered to be the “‘trigger”’ which initiated The authors thank Mr. Brooks for his comments 
the failure of a spherical welded tank holding hydro- They are inclined to believe that the metallurgical ef- 
gen.* fects of flame cutting outweigh the presence of residual 

The authors conclude “that flame cutting, and es- stresses. This could be checked by flame normalizing a 
pecially shearing, lower the notch toughness.’”’ Their series of specimens to compare with the as-flame cut and 


W. B. Brooks, Texas Division, The Dow Chemical Co., Freeport, Tex the furnace-normalized series However, previous in- 


Paper by S. S. Tér, J. M. Ruzek and R. D. Stout, was published in Tar vestigations have failed to show a positive effect of 
Jovurnat, 30 (9), Research Suppl., 446-s to 450-8 (1951 
* Brown, A. L., and Smith, J. B., Tae Weiptne Jounnat, 24, 235 (1945) residual tensile stresses on notch toughness. 
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Dimensional Effects in Fracture 


> Influence of size and ratios of combined stresses on transition 
temperature and effect of combined stresses on fracture strength 


by C. W. MacGregor and 
Grossman 


HREE phases of the general problem 
¢ the effects of dimensional changes 

of test specimens on fracture charac- 
teristies are reported. These are (1) the 
influence of size on the transition tempera- 
ture from ductile to brittle fracture, (2) 
the effect of various ratios of combined 
stresses on the brittle transition tempera- 
ture and (3) the effect of combined stresses 
on fracture strength. 

In the first problem, flat cireular disks 
of 0.95 C steel, simply supported around 
the circumference and loaded by «4 con- 
centrated force at the center, were tested 
at constant deflection rates and at various 
temperatures in the M.LT. 
slow-bend testing device described pre- 
were changed in the 

When the sizes 
dimensions including the 
and loading 


constant 


Sizes 
ratios 6, 2, 1. 
altered, all 
disks, 


were changed in the same proportions. 


viously 
were 
supports members 
Comparisons were made of the transition 
temperatures for brittle fracture at the 
same effective strain rates rather than at 
equal deflection rates in order to maintain 
mechanical similitude. It was found that 
the largest disk of 6 inches diameter had a 
transition temperature only 8° F. higher 
than the disk of 1 in. diameter. Thus 
the size effect for this material is of a 
trivial nature in ratio ranges of 6 to 1 as 
far as the brittle transition temperature is 
concerned, 

To study the influence of biaxiality of 
the stresses on the brittle transition tem- 
perature, rectangular plates of 0.95 C 
supported along two 
sides, free along the other two sides, and 


steel were simply 


loaded by a central concentrated force. 
The thickness of all of these plates was 
equal to '/s in. The ratios of supported 
lengths to unsupported lengths varied 
C. W. MacGregor is Professor of Applied Me- 
chanies of the Dept. of Mechanical Engineering 
and N. Grossman is Asst. Prof. of Mechanical En- 
gineering of the Mechanical Engineering Dept. of 
the Massachusetts Institute of Technology, Cam- 
bridge, Mass 


Paper was presented at the National Bureau of 


Standards Symposium on ow ‘emperature 
Properties on May 14, 1951 
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from 0.5 to 2.667 which produced a varia- 
tion of the biaxiality of stresses from 
0.483 to 0.855. Since the circular disks 
described previously had a_ biaxiality 
ratio of 1.0, the present tests studied the 
effect of this combined stress ratio between 
0.483 and 1.0. It was found if the biaxial- 
ity ratio varied from 0.483 to 1.0 that the 
brittle transition temperautre at a given 
effective strain rate increased on the aver- 
age 62° F. 

The data obtained in these tests also 
permitted some conclusions to be drawn 
regarding the effect of combined stresses 
It is shown that as 
increases, i.e., as 


on fracture strength. 
the constraint effect 
the ratio of the biaxial stresses increases 
from 0.483 to 1.0, the brittle fracture 
strength also markedly. A 
definite increase in fracture strength is 


increases 


also shown to accompany a decrease in 


size. 


INTRODUCTION 


The influence of size and shape of test 
specimen on mechanical properties has 
occupied the attention of investigators 
for many years, especially since the early 
work of Barba! and Kick.* For a homo- 
geneous and isotropic elastic material, 
mechanical] similitude in two geometrically 
similar bodies of the same material tested 
at the same temperature and subjected 
to similarly applied external loads in 
equilibrium exists when the states of stress 
(or of strain) are proportional to each 
other at corresponding points.* As far as 
plastic flow is concerned, Barba and Kick 
have suggested that to maintain in two 
geometrically similar bodies of the same 
homogeneous material similar states of 
plastic strain requires that they be de- 
formed under equal stress at corresponding 
locations. This assumes the strain rate 
has no effect. It is in general necessary 
to add the condition that at any instant 
the strain rate is the same in both bodies 
as well as the strains and stresses for com- 
plete mechanical similitude. Even the 
latter assumes the path of loading or 
prior strain history is the same for both 
bodies, the temperature conditions are 
the same, no phase changes or other metal- 
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lurgical disturbances take place during 
loading and that the grain size relative to 
specimen size has no effect. If brittle 
fracture takes place with no macroscopic 
plastic flow, statistical considerations may 
also influence the mechanical properties. 

In many previousexperiments purporting 
to show a size effect one or more of the 
above conditions have frequently not been 
met, such as in the experiments of Kuntze* 
where true mechanical similitude was not 
maintained. Another condition al] too 
prevalent in many experiments indicating 
a size effect is a lack of control of the 
strength and ductility properties of the 
specimens of different sizes at the position 
in the body where fracture is initiated 
When specimens of various 
machined from a billet or plate great care 
has to be exercised that there exists no 
difference in basic strength and ductility 
levels between specimens of different sizes 
at the origin of failure, or else the true size 
effect is clouded over by non-homogeneities 
of this sort. 


sizes are 


A very important technical problem 
today is the possible vulnerability of a 
normally ductile stee] to brittle failure. 
It has been discussed previously® that 
there are many mechanical and metal- 
lurgical factors which tend to increase the 
temperature at which a metal may trans- 
form from ductile to brittle behavior 
A few of these are increasing triaxiality 
of the strain 
prior fatigue cycles, strain aging, grain 
size, carbon content, pearlite size, ete. 
When this temperature equals the service 
or testing temperature, brittle failure 
may ensue with little or no energy absorp- 
tion. It is the conditioning of the material 
for such brittle behavior that is the most 
important pragmatic question rather than 
the strength condition or law followed 
when brittle behavior takes place. An- 
other possible influence on the brittle 


stresses, rate, prestrain, 


transition temperature is the size effect, 
Davidenkov, Shevandin and Wittmann® 
have reported increases in the brittle 
transition temperature of as much as 
38° C. for a 0.25% C steel when sizes 
of unnotched tension specimens were in- 
creased from 2 mm. to 10 mm. They 
made careful impact tension tests but the 
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specimens of different sizes apparently 
had some variation in basic strength and 
ductility levels which showed up more 
prominently at the lower temperatures. 
The reductions in area at fracture from 
room temperature tests showed a slight 
decrease as the specimen size was reduced 
The properties probably varied somewhat 
over the section of the bar from which the 
specimens were machined. The scatter 
band of the transition temperatures was 
also greater for each specimen size than 
the increase in transition temperature 
found. There appeared to be a limiting 
size, however, above which little size 
effect was found. One of the objects of 
the present study was to investigste under 
well-controlled conditions the possible 
size effect as regards the brittle transition 
temperature. If such were present to 
any appreciable degree great care would 
have to be observed in applying the results 
of small scale laboratory tests to full-scale 
structures or machine parts in service. 

If geometric similarity of test specimens 
is not preserved it has been well known 
that considerable changes in brittle transi- 
tion temperatures may result. Early 
tests’ have shown the marked influence 
of the greater constraint produced by 
widening a notched-beam impact speci- 
men. Since the exact state of stress 
in the bottom of the notch for such specl- 
mens is practically unknown, it has been 
difficult to express the degree of constraint 
produced in notched specimens or to dis- 
associate the pure constraint effect of the 
state of combined stresses from the effect 
of the stress concentration. By utilizing 
plate specimens of different proportions 
without the presence of a notch, the 
authors some time ago® showed quantita- 
tively for an 8.A.E. 1020 steel how in- 
creased triaxiality increased the transition 
temperature Three cases were tested 
having ratios of lateral to longitudinal 
stresses of 1,0.56 and 0. At least 100° I 
difference in transition temperature was 
found between the uniaxial and equal 
biaxial stress conditions at the same effec- 
tive strain rate. Moreover, equivalent 
notched bars were found which would 
give the same transition temperature at 
the same effective strain rate as the simple- 
plate specimens, thus establishing a 
structure-notched bar equivalence. Tests 
showed this correlation to be a purely 
formal one independent of the material, 
although different materials had, of 
course, different base transition tempera- 
tures. It is data of this type which would 
be directly useful in design as discussed* 
previously. The present investigation 
reported herein carries this phase of the 
problem further and considers the effect 
of combined stresses on the transition 
temperature of a 0.95% C steel for addi- 
tional ratios of lateral to longitudinal 
stresses between 1 and 0. 

In addition the tests will allow certain 
conclusions to be drawn regarding the 
effect of combined stresses on fracture 


strength. 
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THE VELOCITY-TEMPERATLURE 
RELATION 

Experiments have shown that the 
testing temperature and the deflection 
velocity or strain rate can be closely corre- 
lated. When the entire temperature- 
velocity range is considered, use may be 
made of the velocity-modified temperature 
concept.’ For experiments involving brit- 
tle fracture by little or no plastic flow and 
conducted well below room t mperature 
as in the present case the relatic nship 1s 


log. 6 = ( RT 
where é is the deflection velocity, Ca 
material constant,'Q the heat of activation 
of the material, R the molal gas constant 
and 7’ the absolute temperature ol test- 
ing.’° With a given stable material and 
system of constraint a straight line is 
obtained if the logarithm of the deflection 
velocity is plotted vs. the reciproc al of 
the absolute temperature of testing. This 
property is utilized in the present investi- 
gation 


MATERIAL TESTED AND 
SPECIMENS 

The material used for this study was 
Ryerson VD (0.95% C> tool steel obtained 
in the form of a 6'/,in. diameter bar 
The chemical inalysis Is listed in Table l 
Photomic rographs are included in Fig. l 
The metal was tested in the annealed 
condition. Figure 2 shows the dimensions 
of the plate specimens used. The size- 
effect tests were made on circular disks 
simply supported along the circumference 


ind bent as a plate by a concentrated load 


Table 1—Chemical Analysis 


Carbon 1.03 
Manganese 0.14 
Phosphorus 0.008 
Sulphur 0.024 
Silicon 0.20 
Nickel None 
Chromium 0.15 
Vanadium 0.19 
Molybdenum 0.02 
Copper 0.08 
Aluminum 0.04 


at the center. The diameters were 6, 2 


and 1 in. with all other dimensions includ- 
ing thickness, radii of knife edges and sup- 
ports charged in the same ratio. Thes 
are shown in Fig. 3. The specimens used 
to study the effect of combined stresses 
on the brittle transition temperature are 
also shown in Fig. 2 and the supports in 
Fig. 3. The thickness of the latter was 
kept constant and the ratios of supported 
to unsupported lengths varied from 0.5 
to 2.667. These plates were thus simp!) 
supported along two edges, free along the 
other two and loaded by a concentrated 
force at the center 

In order to insure that the portions of 
the test specimens where fracture origi- 
nates had the same strength and ductility 
level for all tests, the specimens were 
machined in such a way that the center 
of the specimen under the load coincided 
with the original axis of the 6'/:-in. diam- 
eter bar supplied 


APPARATUS AND TESTING 
TECHNIQUE 


The testing equipment is designed to 


load a specimen in simple bending at a 


af Que 


Fig. 1. Photomicrographs of material tested. Magnification: 1000 » 


MacGregor, Grossman—Dimensional Effects 


Transverse 
Section 


: 
a 
= 
2 


DISKS 
| a 
t 


PLATES 


— he 
4 “ 4" 


Fig. 2 Dimensions of specimens tested 


given uniform speed and temperature and 
to supply a load-deflection record of the 
test. AB-7, SR-4 electric strain gages 
connected in a bridge circuit are used to 
measure both the load and deflection. 
The integral parts of the apparatus include 
the loading machine with strain gages, 
millivoltmeter, 
stop watch, electronic recorder and a still 
camera. 

The loading device is a lever system 
which transmits the load to the specimen 
resting on a suitable support. The 
support, specimen and electric strain gages 
are housed in an Aminco “Sub-zero Test 
Cabinet." The cabinet can be cooled to 
-100° F. by forced circulation of dry ice, 
and the specimen can be further cooled 
by pouring liquid nitrogen around it. 

The time of testing is measured either 
by the axis of the electronic recorder, 
which places a “dot” on the load-deflection 
record at regular time intervals, or by a 
stop watch at the slower speeds. 

An a.-c. bridge system is used whereby 
a 5500-cps. voltage is fed into the load 
bridge and the deflection bridge with the 
resulting unbalance from loading or de- 
flecting detected, amplified and sent to a 
3FPI tube. A record is made with a still 
camera. The load bridge and the deflec- 
tion bridge contain an AB-7, SR-4 strain 
gage in each of the four arms. The de- 
tailed description of the apparatus has 
been given previously.® 

The disks and plates were freely sup- 
ported and centrally loaded with a con- 
centrated load. The specimen was cooled 
to a temperature slightly above the ex- 
pected transition temperature and then 
loaded at a given uniform rate. If a slight 
yielding took place the test was stopped, 
the temperature was lowered and the load- 
ing process repeated until failure took 
place with a slight amount of yielding. A 
new specimen was then tested at a lower 
temperature to account for the cold work- 


the thermocouple and 
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ing of the trial sample. This procedure 
was repeated until brittle fracture 
perienced with a minimum amount of 
yielding at the first trial. This same tech- 
nique was then repeated at some other de- 
flection rate to obtain the strain velocity- 
brittle temperature relation for the disk 
under investigation. Thus the results 
listed do not represent one single test but 
rather the limit of a number of successive 
approximations, with the finally satisfae- 


Was @X- 


tory test value repeated two to three times. 
The accuracy of the temperature deter- 


mination is +3° F. that of the deflection 
rate +5%. The amount of macroscopic 
flow may be judged from a previous study"! 
where for a given notched bar a permanent 
angular bend of '/2° corresponded to a rise 
of about 100° F. above the respective 
transition temperature as determined by 
the M.I.T. slow-bend test. 

Figure 4 includes a view of the appara- 
tus. 


ANALYTICAL CONSIDERATIONS 


As discussed previously® due to the bi- 
axial nature of the problem it is necessary 
to utilize composite expressions for stress 
and strain which depict conditions during 
the short twilight zone between the cessa- 
tion of plastic flow and the initiation of 
brittle fracture. While this is as yet im- 
perfectly understood, it is considered rea- 
sonable to utilize those composite values of 
stress and strain which are valid during 
plastic flow namely 


l V (0; 
¢= 


2Vl(a—e)? + 
3 
(1) 


where are the effective stress, 
and the three principal stresses respec- 
tively and are the effective strain 
and the three principal strains respec 
tively. 
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Fig. 3 
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Specimen supports and loading devices 
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Fig. 4 Load-deflection apparatus 


It is then considered that for a stable For the size effect tests with the circular 
metal under these conditions that there disks, the value of ¢ was determined as 
exists some limited functional relation follows. The deflection at the center was 
connecting o, «, the absolute transition computed by classical formulas" in terms 
temperature 7 and the effective strain of the central load P. Incidentally, this 
rate é which is the time derivative of «€ of agreed very well with measured 


the form tions. The maximum stresses were next 
calculated in terms of P on the bottom side 
o = fle, é, T) (2) of the disk under the load. The principal 


strains were then determined from Hooke’s 
generalized law and substituted in (1) to 
obtain the effective strain in terms of P 
Thus the deflection-effective strain re 


tion was determined and consequently the 
relation between effective strain rate and 
deflection rate Hence the deflection 
rates would be converted to effective strain 
rates. These showed that to maintain 
equal effective strain rates in the disks of 
increasing size it Was hecessary ior col- 
parison to increase the deflection rates 
proportionately, This is discussed furthe1 
under Test Results where comparisons are 
made of the transition temperatures for 
disks of different sizes 

In the case of the plate tests where the 
effects of combined stresses on the transi- 
tion temperature were determined, the 
procedure was similar. The only difference 
was that corresponding rectangular plate 
forraulas were utilized." 

To represent the effects of constraint 
the same index is used as originally pro- 
posed by Jackson" and utilized formly,* 
namely 


As discussed earlier® this factor is 0 for 
pure shear, 0.333 for pure tension or com- 
pression, 0.666 for equal biaxial tensions 
and 1.00 for triaxial tension or compres- 
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Fig. 5 Size-effect tests. Deflection rates vs. reciprocal of Fig.6 Effect of combined stresses on transition tempera- 


tures 


23-s 


RECORDER 
VAR. SP. DRIVE 
- CABINET 
| 
1.0 0.1 
| 
\ 
| \ a = 0.483 
0.00 | \ \ | WwW | 
0.005 0.006 007 3 


Table 2—Test Results—Size Effect 


Brittle trans. 


Disk diam. temp., ° F. T° Abs 1/7 6, in. /sec. é, in./in./sec 
6 283 177 0.00565 0.0020 0.00019 
6 —238 222 0.00450 0.037 0.0035 
6 —210 250 0.0040 0.214 0.0203 
2 — 280 180 0.00556 0.0014 0.0004 
2 — 230 230 0.00435 0.024 0.00683 
2 — 180 280 0.00357 0.206 0.0587 
1 —270 190 0.00527 0.0014 0.0008 
1 — 230 230 0.00435 0.015 0.00855 
1 — 160 300 0 00833 0.57 0.325 
Table 3—Test Results—Combined Stress Effects 
Brittle transition 
Plate dimensions temp., ° F T° Abs. 1/T 5, in./sec.  é, in./in./sec. 
4 4in. —310 150 0.00667 0.0022 0.000140 
4 X 4in — 280 180 0.00556 0.026 0.00165 
X 4 in —279 181 0.00552 0.0012 0.000565 
X 4 in. —239 221 0.00452 0.011 0.00518 
—320 140 0.00715 0.00157 0.00118 
1 in. — 265 195 0.00513 0.0060 0.00451 
1 xX '/ein. —245 215 0 00465 0.108 0.0811 


TEST RESULTS 

The effect of size on the transition tem- 
perature for the disks (equal biaxial ten- 
sions) is shown in Fig. 5 where the loga- 
rithm of the deflection rates § are plotted 
versus the reciprocal of the absolute test- 
ing temperature 1/7. In order to com- 
pare the results at the same effective strain 
rates ¢ it is necessary to choose deflection 
rates which increase in direct proportion 
to the size. Hence auxiliary construction 
lines are indicated in Fig. 5 which accom- 
plish this. It is thus seen that an almost 
trivial effect is indicated, namely that the 
6-in. disk had a transition temperature of 
about 8° F. higher than that for the 1-in. 
disk at the same effective strain rate. 
Thus while indicating a small increase in 
transition temperature for this material 


in the size ranges studied as the size is 
increased, it is still very small. (Table 2) 
Figure 6 shows the effect of combined 
stresses on the transition temperature. 
An increase in the ratio of the supported 
to the unsupported length increased the 
ratio a of the transverse stress to the axial 
bending stress from 0.483 to 1.00 while the 
constraint index C increased from 0.494 
to 0.666. It may be seen from this figure 
as the constraint index C increased 
from 0.494 to 0.666 that the brittle transi- 
tion temperature increased on the average 
62° F. for this material at a given effective 
strain rate. The test results for C = 0.520 
were taken from the previous study* for 
S.A.E. 1020 steel making due allowance 
for the different base transition tempera- 
tures of the two materials. (Table 3) 


Figure 7 includes views of the fractures 
received. 

The data obtained also permit a study 
of the effect of combined stresses on the 
fracture strength. Table 4 records calcu- 
lations of fracture stresses, strain rates and 
strains for the various cases considered. 
It will be noted that 
checked the fracture deflection calculated 
agreed quite well with experimental values. 
Particularly illuminating is the relation 
between the effective stress and effective 
strain ¢ (calculated from Equations 1) at 
fracture. This relation is shown plotted 
in Fig. 8 for all cases listed in Table 4. It 
will be noted that all points fall on a 
straight line, the slope of which is 34.5 x 
10° psi. As was shown previously,” the 
theoretical relation between the effective 
stress o and the effective strain « for an 
ideally elastic body is 

o 3E 
€ 21 + vw) 


in certain cases 


(4) 
where E is Young’s modulus and »y is 
Poisson’s ratio. Using EF = 30 X 10° psi 
and »y = 0.3 for steel Equation (4) shows 
that 
7 = 34.6 X 10° psi. (5) 

which agrees well with the slope of Fig. 8. 
The values for Fig. 8 are for various cases 
of disks and plates with different ratios of 
supported to unsupported lengths and were 
calculated from elastic theory using the 
experimental fracture loads. Thus Fig. 8 
is the elastic o — ¢ relation for this ma 
terial. It is worthwhile to note the posi- 
tion on the curve corresponding to various 
ratios of combined stresses or to values of 
the constraint index C of Equation 3. It 
was found possible to utilize the velocity- 
modified temperature concept® and to 
thus account, for a given constraint factor, 


Table 4—Fracture Stress Studies 


Brittle 
Teast prece trans. Fract. Effect. 
des- temp., Exp. 6, Expt. €, lead Cale. fract. Exrp.6 Cale. 6, Cale. a stress, 
ignation Test piece in. /sec. in. /in./sec. P, lh. stress, psi. in. in. in. /in, lb. /in. 
A 4 x 4in. -310 0.0022 0 000140 1000) a, = 169,000 0.0795 0.0686 0.00436 0.574 O72 151,000 
oy, = 121,700 
B 4in. 280 0. 00165 900 = 152,000 0.0619 0.00392 0.574 0.72 135,600 
o, = 109,000 
Cc 4in. 0.0012 0. 000565 1700) a, = 232,000 0.020 0.0118 0.00630 0.618 0.855 217,000 
a, = 199,000 
D 4in —~230 O.01! 0.00518 2060 = 282,000 0.0143 0.00765 0.618 0.855 264,000 
= 241,000 
E 1 '/sin 320. 0.00157 0 OOLIS 
F 1 X '/ein. -265 0.0060 0 00451 = 171,500 0.00569 0.00430 0.494 0.483 148,500 
= 82,800 
G 1 X '/ein. -245 0.108 0.0811 510 ae = 123,500 0.007 0.00412 0.00310 0.494 0.483 107,000 
a, = 59,800 
Disk 
H 6 in 285 0.0020 0 00019 2080 of = 245,000 0.072 0.0745 0.00710 0.666 1.00 245,000 
o, = 245,000 
I 6 im 258 0.037 0.0035 2750) a, = 226,000 0.0675 0.0689 0.00655 0.666 1.00 226,000 
o, = 226,000 
J 2 —280 0.0014 0.0004 440 ay = 326,000 0.026 0.0330 0.00940 0.666 1.00 326,000 
oy = 326,000 
kK 2 in -230 0.024 0. 00683 1100 ow, = 304,000 0.026 0.0309 0.00875 0.666 1.00 304,000 
o, = 304000 
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Fig. 7 Typical fracture pictures 


for the various strength levels produced by 
different values of strain rate and tempera- 
ture. Some overlapping is present, be- 
tween cases representing various values ol 
( This is interpre ted as reflecting « size 
effect as indicated by the different posi- 
tions on the curve for the 2-in. and the 6- 
in. disks, In spite of this, however, it is 
unmistakably clear that as the biaxial 
stress ratio increases, the fracture stress 
and strain increase. This is further made 
clear from Table 5 in which the average 
values of effective fracture strengths are 
listed for each value of C and a, where by 
the average is meant the mean point ol the 
range of values of effective fracture 
strength for each C and a. 


Table 5—Increase of Average Effective 
Fracture Strength with Constraint 


Cc a Av. o at fracture, psi. 
0.494 0.485 27,700 
0.574 0.72 143,300 
0.618 0.855 240,000 
0.666 1.000 275,200 


That the fracture strength increases 
with triaxiality as shown here, agrees well 
with the concepts of McAdam, et al.,"* 
and Sachs" and Lubahn” and is contrary 
to the prediction of Fisher" and Hollo- 
mon." The latter disagree with McAdam, 
Sachs and Lubahn contending that the 


incre in fracture strength reported by 


them as due to increased triaxiality was in 
reality a size effect and criticized the use of 
notched specimens to show this. In the 
present case, however, the use of notches 
was avoided, thus separating out the com- 
plicated effects of constraint and stress 
concentration, and stil] the test results 
show an unmistakable influence of tri- 
axiality in increasing the fracture strength. 
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More in agreement with Fisher and Hollo- 


mon is the size effect on fracture strength 


shown particularly by the relation between 
the strengths of the 2-in. and 6-in disks 
Size effect alone cannot, however, explain 
the increases shown for all the cases re- 


ported herein 


CONCLUSION AND SUMMARY 


Three phases of the general problem of 
the effects of dimensional changes of test 
specimens on fracture characteristics are 
re ported These are (1) the influence of 
size on the transition temperature from 
ductile to brittle fracture, (2) the effect of 
various ratios of combined stresses on the 
brittle transition temperature and (3) the 
effect of combined stresses on fracture 
strength 

In the first proble m, flat circular disks 
of 0.95 C steel, simply supported around 
the circumference and loaded by a con- 
centrated force at the center, were tested 
at constant deflection rates and at various 
constant temperatures in the M.1.T. slow- 
bend testing device described previously 
Sizes were changed in the ratios 6, 2, 1 
When the sizes were altered, all dimen- 
sions including the disks, supports and 
loading members were changed in the same 


proportions. Comparisons were made o 


the transition temperatures for brittle 
fracture at the same effective strain rates 
rather than at equal deflection rates in 
order to maintain mechanical similitude 
It was found that the largest disk of 6 in. 
diameter had a transition temperature 
only 8° F. higher than the disk of 1-in. 
diameter. Thus the size effect for this 
material is of a trivial nature in ratio 
ranges of 6 to 1 as far as the brittle transi- 
tion temperature in concerned. 
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Fig.8 Effect of combined stresses on 
effective fracture stresses and strains 


To study the influence of biaxiality of 
the stresses on the brittle transition tem- 
perature, rectangular plates of 0.95 C steel 
were simply supported along two sides, 
free along the other two sides, and loaded 
by a central concentrated force The 
thickness of all of these plates Was ¢ qual to 

sin. The ratios of supported lengths to 
unsupported lengths varied from 0.5 to 
2.667 which produced a variation of the 
biaxiality of stresses from 0.483 to 0.855 
Since the circular disks described pre- 
viously had a biaxiality ratio of 1.0, the 
present tests studied the effect of thi 
combined stress ratio between 0.483 and 
1.0. It was found if the biaxiality ratio 
varied from 0.483 to 1.0 that the brittle 
transition temperature at a given effective 
strain rate increased on the average 62° | 

The data obtained in these tables also 
permitted some conclusions to be drawn 
regarding the effect of combined stresses on 
fracture strength. It is shown that as the 
constraint effect increases, i.e., as the ratio 
of the biaxial stresses increases from 0.483 
to 1.0, the brittle fracture strength also 
increases marked} A definite increase in 
fracture strength is also shown to accom- 


pany a decrease in size 
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The Effect of Fabrication 
Processes on Steels Used 
in Pressure Vessels 


Discussion by Jonathan Jones 


In the September Welding Research Supplement, 
Tor, Ruzek and Stout report on the effect of 
different types of edge preparation. It may be said 
that this article is written from the point of view of the 


Messrs. 


manufacture of pressure vessels to operate at low tem- 
peratures, and should not be considered relevant to 
other types of structure. However, no such limitations 
are initimated in the Summary, and there is nothing to 
stop the reader from generalizing from the authors’ 
conclusions. Hence the following comment. 

Since the authors’ work was with a highly special 
form of test specimen, the critical spot in which was 
not an edge in the more general sense, and not prepared 
as edges are ordinarily prepared, it is worth while to 
dwell upon this difference. 

In the preparation of A plate edge as structural fabri- 
where the torch travels 
the heating and 
resemble the et- 


cators ordinarily conceive it, 
on a track, or is guided by a templet, 
quenching cannot, or so it would seem, 
fect when the torch is used to cut a 1-in. diameter hole. 
In this latter case it seems as if the heat must be main- 
tained in the vicinity of the previously made kerf, s« 
that the amount of heat which ordinarily would be made 
in cutting an edge over 3 in. long is practically held in a 
spot. Neither does this have the annealing effect of 
our usual postheating torch as used on high-carbon 
for the cutting flame and annealing flame are 
totally different in intensity, and in the authors’ case it 
was the cutting flame that was maintained. Further- 
more, While punching is related to shearing, the condi- 
tion of a punched hole is not the same as that of a 
sheared edge. 

The structura] engineer relies largely on the failure 
angle in a slow bend test of a parallel-sided flat plate 
specimen for his judgment of toughness and suitability. 


steels; 


Paper by S. 8. Tér, J. M. Ruzek and R. D. Stout peeiehed | in Tar Weipine 
Journat, 30 (9), Research Suppl. 446-s to 450-8 (19. 
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This is a reasonably sensitive test. A piece of 0.40 
‘carbon steel with gas-cut edges will not bend far before 
it breaks; neither will a piece of 0.20 carbon steel 
with sheared edges or with edges gas-cut with a man- 
ually guided torch. But the 0.20 carbon piece will 
bend 180 degrees if the edges are machined, or if they 
are properly gas-cut with a mechanically guided 
torch; so will the 0.40 carbon piece if its gas-cut edges 
are properly postsoftened. 

These are the tests on which the structural engineer 
has relied for a generation, in accepting gas-cut edges, 
mechanically prepared, as the equivalent of machined 
edges for riveted construction in A7 steel. For weld- 
ing edges he has supposed that the question did not 
exist, in view of the fusing temperature to be later ap- 
plied. Shearing he has accepted for less important 
edges in his thinner material, only, having regard to the 
severity and the danger of mechanical tears. 

These practices, like any other, he would amend on 
the basis of new evidence. But not, in all probability, 
unless the test specimen, the manner of its preparation 
and the criterion for interpreting the results should 
seem more closely analogous to his problems than the 
tests and the criteria he has used hitherto. 


Author's Reply 


Mr. Jones’s comments are 
by the authors. 

It is correct to say that this study was made from the 
point of view of low-temperature service. Any test in- 
volving notch toughness implies that the properties of 
the material at low temperatures and /or under multi- 
axial straining is of interest. A test of this kind can be 
only for comparison either between steels or between 
fabrication methods or between heat treatments. 
There is no attempt, nor should there be, to conclude 
that gas-cutting is dangerous to the plate properties 
As a matter of fact 


valuable and appreciated 


, the transition temperatures of the 
zas-cut specimens were very low and would suggest 
that no serious embrittlement has resulted. 

The embrittlement produced by shearing is in good 
agreement with the experience of many shops, where 
cracking and failure of sheared plates has often been 
encountered particularly in cold weather. 

These tests were intended to provide a direct com- 
parison between the various methods of edge-prepara- 
tion, and were mostly useful for the information they 
furnished about the effects of postheating. 
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determining 


by R. David Thomas, Jr. 


Abstract 


Cracks in 1-in. thick welds in 15 Cr-—35 Ni (Type HT) castings 
have been encountered in each of 24 test plates welded by four 
foundries using a variety of techniques and electrodes. The 
groove design of the cast plate is considered very satisfactory 
as a means of evaluating the welding variables in a test program, 
or as a means of qualifying welding procedures and the weldabil- 


ity of materials. Tensile tests on a few transverse-weld speci- 
mens gave ultimate strengths of 40,000 to 45,000 psi. at 1400 F 
and 17,000 to 21,000 psi. at 1800° F. with fractures occurring 
sometimes in the weld and sometimes in the base metal 


INTRODUCTION 


HE properties of the austenitic heat-resisting 

alloys have received considerable attention during 

the past years. The major use of the 15 Cr — 35 Ni 

alloys is in the form of castings, the properties of 
which were published by Avery and Matthews! in 
1947. Several years later Rozet, Campbell and 
Thomas* reported the properties of 15 Cr-35 Ni 
weld metals. Problems encountered in actual installa- 
tions involving welded castings were discussed in a 
paper by H. J. Nichols.* Recognizing that cracks 
are frequently encountered in the welding of these 
highly alloyed castings, the High Alloys Committee 
of the Welding Research Council authorized a program 
of tests. This report covers the initial phase of this 
program. 

At first it was not entirely clear that a welding prob- 
lem actually did exist. The Alloy Casting Institute 
held a symposium to which the High Alloys Committee 
were invited, which aired the extent of cracking in the 
foundries’ welding shops. Although no conclusions 
resulted from this symposium, one thing was clear: 
that the industry needed a standard weld test on which 
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Welding of High-Alloy Castings 


® Cracks are frequently encountered in 
Cr — 35% Ni castings. A test plate has been developed for 
weldability and 


qualifying procedures 


to qualify welding procedures and filler metals and to 
evaluate the weldability of the base metal 

After two years of preliminary investigations using 
various types of weld grooves, the Committee es- 
tablished the slotted groove plate shown in Fig l. 
During the preliminary investigations, it was shown 
that weld-metal cracks and microfissures could be 
found when the weld-metal composition was low in 
carbon and high in silicon. When weld-metal cracking 
Was overcome, fusion-line cracks or base-metal cracks 
were found in highly restrained welds unless a high 
preheat Was used. 


PROCEDURE 


Four interested foundries were asked to prepare 
welds in the cast grooved plates. One foundry was 
requested to cast sufficient plates from a single melt 
to furnish the material for the entire program. Six 
plates were welded by each foundry using welding 
procedures of their own choice. The choice of welding 
electrode was also left to the foundry except for at 
least one of the plates, which was to be welded with 
one standard electrode. Tables 1 and 2 show the 
weld-metal compositions of the electrodes and the 
welding procedures used. The finished plates were 
then radiographed and the films submitted, along with 
the plates, to Sam Tour and Co. for evaluation 

The evaluation comprised cross-sectioning the welds 
in three places at approximately 1-in. intervals along 
the length of the weld. All six faces thus exposed 
were surface ground and macroetched with aqua regia 
containing 5 gm. cupric chloride per 100 ml. solution. 
The cracks found in the macrosections were compared 
with the indications found in the radiographs. The 
extent and location of cracks are summarized in Table 3 
and representative photomacrographs are shown in 
Fig. 2. 

Having found a number of welds relatively free 
from cracks, at least in the central portion of the welds, 
the Laboratory was instructed to machine two trans- 
verse 0.505-in. tensile specimens from each of ten 
plates. The test specimens were polished and etched 
as before and the observations are shown in Table 3. 
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welding 15% 


SecTrion A-A 


Section B-B_ 


1) 


bd Fig. 1 Slotted-groove cast-alloy plate for weld tests 


Table 1—Composition of Casting and Weld Metals* 


Mn ; Ss P 
Casting 85 ‘ 0.035 0.022 
Electrodes 
a2 in, Standard 3 2! 0.008 0.021 
in. a 35 0.015 0.017 
b 0.011 0.026 
0.008 0.014 


0.022 


* Undiluted weld metal from standard weld pads. 
+ Nominal] analysis—complete analysis not available. 


Table 2—Welding Procedure Data 


Foundry Plate no. Welding position Electrode Amperes Preheat — Peening Commenis 
\ Flat s2 in, Standard 160 None None Split passes used wherever width of groove 
Flat sin. 115 None None exceeded 2'/, times electrode diameter 
Flat 2 b 160 None None 
Flat in. Standard 120-140 None None 
Flat /g in, a 100-110 None None 
Flat >in. b 110-140 None None 


Vertical /s2 in. 130 None None Vertical plates continuously welded, stop- 

Flat in. , 125 None None ping only to change electrodes. 

Flat in. 140 Plate 2: discontinued after 2 layers. 

Flat . 120 None None Plate 3: full weave for Ist and last 3 

Flat in. 140 layers, others splitpass. 

Flat in. 120 None None Plate 4: Ist pass with '/s in. and 2nd 

Flat and in. 135 with 5/3: in. in flat position, balance 
vertical in vertical position. 

Vertical in. b 120 None Yes Plate 5: Ist pass only with !/s in. 

Vertical " 140 None None 

Vertical 5/soin, Standard 140 None None 


3/igin. d 200 300° F. None Flat layers deposited starting at root and 
Length dimen-  °/;¢in. d 200 300° F. None proceeding to top surface of plate, using 
sion of groove °/3. in, Standard 5 300° F. None full-weave technique 

inclined 45 °/32 in, Standard 5 300° F. None 
degrees 3/i¢in. d 300° F. None 
3/iein. d 2 300° F. None 


Flat '/sin. f None None Plates 1,3 and 65: _ full-weave layers. 
Flat 5/16 in. h ‘ None None Plates 2 and 4: split pass for top 4 or 5 
Flat 5/s2 in. None None layers. 

Flat 5/s,in, Standard 100 None None Plate 6: discontinued after excessive 
Flat 5/s. in. 9 None None root cracking developed 

Flat */s)in. Standard None None 

Flat 3/i¢in. h None None 
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hand 


of '/, in. per min. 
in Table 4. 


The etch was then removed and the specimens were 
subjected to short-time tensile testing at 1400 and 1800° 
F. The testing was conducted in accordance with 
A.S.T.M. Standard E21-43 using a crosshead speed 
The data from these tests are found 


DISCUSSION 


ically different welding procedures. 
quite unexpected results were obtained. 


It was fortunate that the foundries chose to use rad- 


By so doing, some 
On the other 


had all foundries employed the conventional 
down-hand welding technique, the results might have 


been easier to analyze, and the conclusions might have 
been more clearly indicated. As it is, the results are 
confused by the many variables and only trends rather 
conclusions can be indicated. 

The six plates submitted by Foundry A were all 
deposited in about the same manner with two con- 
Plates 1 and 4, 2 and 5, and 3 and 6 


may be considered pairs, each pair deposited with the 


trolled variables. 


same electrode, one at relatively high and the other at 
relatively low current. During welding, crater cracks 
appeared more often with low current than with high 
current, which is inconsistent with the usual experience 
with austenitic welds. The cracks observed in the 


Al 


A2 


B2 


D2 


Plate no 


During we lding 


3rd layer cracked entire 
length. Ground out 

None 

None 

toot-bead crack and crater 
cracks 

toot-bead crack and crater 
cracks 


Crater cracks 


None 

Cracked badly in second 
layer. Test discontinued 

None 

Crack found in second layer 
when plate was in flat 
position. Test continued 
In vertical position 

None 


None 


None 
None 
None 


None 
None 


None 


None 


Cracks in root pass ground 
out before welding back 
side 


None 
None 


None 
badly. 


Ist pass cracked 
Test discontinued 


In radiograph 


2 small transverse cracks '/, 
in, long 

Crazed 
throughout weld 

2 longitudinal cracks each 1 
in. long 

One crater crack 


crack 


pattern 


Light crazed crack pattern 


Crater cracks and two 
transverse cracks 


Heavy branched crack pat- 
tern throughout 


None. Small area of con- 
centrated porosity 

Heavy transverse cracks 
Some porosity and slag 


Similar to Bl and B4 but 
not so heavy 
Similar to B4 and B5 


Slight porosity in center 
None 


Two crater cracks with 
questionable longitudinal 
cracks 

Faint questionable indica- 
tion of longitudinal crack 

Faint indication of longitu- 
dinal crack 


Faint indication of longitu- 
dinal crack 


None 


None 


None 


Longitudinal crack full 


length 


Slight slag indication at 
both ends 


Table 3—Observations of Cracks 


* 


In microsections - On tens 


Several weld-metal cracks in 3 Small pore One fine crack 
es ie in. long 


Numerous fine fissures in all 


faces 

toot-bead crack observed in all 3 fine cracks 3 fine eracks 
ices 

Cracks in one face only, one None None 


penetrating base metal 
Numerous fine fissures in all 
Root cracks in two faces only, None I fine crack 
near crater cracks detected in 
radiograph 


Heavy cracking in all faces. 
Maximum length in. 


toot cracks in one section. All 
other faces sound 
Heavy cracking on all faces 


Same as b4 


Numerous vertical cracks on all 
sections. Root cracks on 
some sections 


None except slight porosity in None 2 small pores 
one tace 

None except one crack to 
in. deep found in 2 faces 

All faces showed cracks '/s to 
in. deep 


2 fine cracks Small gas holes 


All faces showed cracks to ! 
in. deep 
toot crack '/, to 4/, in. deep 
found in several faces. '/s3in 
base-metal crack. One star- 
shaped cluster in weld metal 
Three faces sound. One crack 
‘/a2 to '/, in. deep found in 
two faces, star cluster on re- 
maining face 


Sound except for root crack */;. None moderate size 
in. deep found in two faces slag pocket 
None None None 
Sound except for seal-bead crack None in, crack 
'/ysin. deep found in 2 faces 
Fusion-line crack '/, to in. 
deep in all sections. Crack in 
seal bead in several faces 
Sound except for slag pocket in None 1 fine crack 


one tace 
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macrosections were somewhat less in the welds de- 
posited at the lower current in two of the three pairs, 
which is consistent with observations of other austenitic 
welds. The presence of many fine fissures in the 
welds made with electrode a is not unexpected in view 
of the very low carbon content. The standard elec- 
trode containing 0.32 carbon did not appear to outper- 
form electrode b containing only 0.15 carbon, which 
would not have been expected from earlier work. 


Plate At 


Plate BI 


Plate C3 


Fig. 2 


fusion-line and seal-bead crack both resulting from incomplete interbead penetration. 


Foundry B used both the flat and vertical positions 
for welding. In all three vertical plates the cracks 
were numerous. The one relatively sound plate, B3, 
was welded in the flat position. The electrode used 
in this plate was not tried in the vertical position and 
therefore there is some doubt whether the success of 
this plate is to be attributed to the electrode or to the 
fact that it was deposited in the flat position. The 
other two plates which this foundry attempted in the 


Plate Aj 


Typical cracks found on macroexamination: (a) two small fissures one of which extends into base metal, (b) 
frequent fissures typical in welds with very low carbon content, (c) and (d) cracks in welds deposited using the continu- 
ous vertical-welding technique, (e) cracks found in standard electrode weld deposited in the 45° slanting position, (f) 


Magnification 1.5 X. Etchant: 


aqua regia with 5 gm. CuCl,/100 ml. solution 


30-s 
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flat position resulted in severe weld-bead cracking in 
the root layers. 

The vertical welding technique is rather unorthodox 
for heavy section butt welds. Instead of layers of 
weld beads, the arc is struck at the bottom of the groove 
and played in and out between the root and face, thus 
depositing the weld metal over the entire thickness of 
the plates and avoiding the necessity for cleaning the 
slag, which runs off readily. Welding is continuous 
except for changing of electrodes, and therefore the 
rate of heat input is enormous. The shrinkage stresses 
resulting from the cooling of large masses of metal 
under large temperature gradients may explain the 
heavily branched crack patterns féund in both the 
radiographs and the macrosections. Wide weaving 
of other austenitic welds even in flat-position welding 
is well known to favor fissure cracking for much the 
same reason. 

Foundry C used an unusual welding technique on 
all of its plates. By inclining the plates so that the 
long axis of the groove makes a 45-degree angle with 
the horizontal plane, the problem of depositing a 
sound root pass is apparently solved. The groove is 
filled up in layers, allowing each layer to cool before 
proceeding. This procedure gave fairly sound welds 
in four of the six plates, but considerable cracking in 
the two using the standard electrode. The four plates 
were welded with an electrode whose composition 
matched closely that of the casting. It should also 
be noted that the currents were quite high and that 
preheat was employed. Consequently the weld metal 
reaches temperatures at which hot cracking would be 
expected to occur readily if the composition is suscept- 
ible 

Plates C1, C2, C5 and C6 are replicas in all respects 
except the welder, each being welded by a different 
man. The two welders responsible for Plates Cl and 
C2 are apparently superior in their ability to overcome 
cracking to the two who prepared Plates C5 and C6. 
This demonstrates the ability of the test plate to evalu- 
ate the welder’s skill. 

The five plates submitted by Foundry D were all 
quite good. These were deposited in the conventional 
down-hand position using relatively low currents 
No preheat was used but the rate of deposition was such 
that the interpass temperature increased gradually up 
to 700 to 900° F. before completion. The only fusion- 
line crack in the entire program was encountered in 
Plate D4, illustrated in Fig. 2(f). This appears to 
originate in an area of incomplete fusion at the root 
and might have been eliminated if the back side had 
been ground out slightly before depositing the back 
pass. High-carbon weld metals were employed in all 
plates except D3 and D5, which were welded with the 
standard 0.32% carbon electrodes. 

Summarizing the welding procedure variables, it 
appears that continuous welding in the vertical position 
is not a good practice. Layer welding in a groove in- 
clined 45 degrees looks like a promising procedure. It 
greatly reduces the degree of restraint and consequently 
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eliminates the weld-bead and crater cracks of down- 
hand welds, without causing the fissure cracks apparent 
in the continuous vertical welds. When welding in 
the flat position great care must be taken to overcome 
root-bead and crater cracks. 

In so far as the electrodes are concerned, it is clearly 
evident that hot fissure cracks occur readily in very 
low-carbon weld metals, but at 0.15 carbon and higher 
the evidence is spotty. Where similar welding tech- 
niques are employed, hot tears are usually more fre- 
Electrode 
compositions similar to that of the casting appear to 


quent with the lower-carbon electrodes 


be suitable providing the welding procedures are care- 
fully controlled. 

The radiographs cannot be relied upon to detect the 
fine cracks which are frequently encountered. Verti- 
cally oriented cracks as long as °/j in. fail to show up 
on the film in some instances. Fine weld-metal cracks 
which are oriented at an angle of 30 degrees or more 
to the vertical are not detected 

The short-time tensile tests which are reported in 
Table 4 are intended to be indicative of the strength 
of joints. There are too few specimens involved and 
too many variables to permit much in the way of 
conclusions to be drawn. The main purpose of con- 
ducting these tests at this time was to guide the formu- 
lation of further test programs. 

In all but one case, the strength of the weld is very 
nearly equal to the strength of the base metal. When 
the welds contained no defects as revealed by the pre- 
testing inspection of the specimens, the failure occurred 
almost always in the base metal. Conversely, fissures 
or other defects usually weakened the weld metal 
sufficiently to cause failure to occur in the weld though 


Table 4—High-Temperature Tensile Tests 


Specimen Ultimate Elongation Reduction 


no strength in 2in. % in area, Fracture 


Tested at 1400° | 


Al-1 10,700 1.5 Weld and base 
metal 

A3-1 41,000 5.0 7.5 Weld 

A4-] $2,000 5 0 9.0 Base meta! 

AGI 42,000 5.0 7.0 Base meta! 

Cl-1 $3,500 1.0 7.5 Base metal 

C2-1 34,400 2.0 50 Weld through 
fissure 

Di-1 44,500 2.5 9 0 Base metal 

D2-1 45,400 3.5 Base metal 

D3-1 $2,300 5 Cal Base metal 

D5-1 39,700 5.0 11.6 Weld 

Tested at 1800° I 

A1-2 18,050 +0 9.0 Weld 

A3-2 18,100 3.5 5.0 Weld 

A4-2 19,500 1.0 5.6 Base metal 

A6-2 17,300 2.5 8.7 Weld 

C1-2 20,600 11.0 11.0 Heat-affected 
zone 

C2-2 17,700 18.0 30.6 Base meta] 

D1-2 21,200 9.0 29.0 Weld 

D2-2 17,700 12.0 26.5 Base metal 

D3-2 19,650 5.5 24.1 Base metal 

D5-2 17,900 10.5 26.5 Base metal 
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at strength levels approximating those of the base 
metal. At 1400° F., one specimen failed prematurely 
at 34,400 psi. through a fissure observed during the 
pretesting inspection and the three other specimens, 
which failed in the weld, had strengths of 40,000 to 
41,000 as compared with specimens failing in the base 
metal at strength of 42,000 to 45,000 psi. At 1800° F., 
the highest strength recorded, 21,200 psi., represented 
a weld failure, whereas several specimens failed in the 
base metal at values below 18,000 psi. The influence 
of weld fissures is not so clear in the test at 1800° F. as 
at the lower temperature. 

In general, the presence of fine fissures tends to cause 
failure to occur in the weld but unless the defect is 
large the reduction in strength is negligible. One 
should not rely on this observation, however, to condone 
the existence of fissures, for in future investigations 
they may be found to jeopardize other high-tempera- 
ture properties essential to service life. 


CONCLUSIONS 

A restrained test plate has been devised with which 
foundries may evaluate the quality of welds from the 
standpoint of freedom from cracks, fine fissures and 
other forms of defects. Radiographic examination of 
the plates will only reveal major defects, but the exist- 
ence of fine fissures can be determined by cross-sec- 
tioning the welds, polishing, and macroetching the 
weld area. 

Fine fissures appear to reduce slightly the tensile 
strength of the welds at elevated temperatures. 


It is hoped that this program may be continued, 
in order to develop more information on the effect 
of welding technique on weld soundness, and then 
having produced sound welds to embark upon a pro- 
gram of tests which would indicate the service prop- 
erties of the welds. 
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Discussion by 
P.S. Symonds 


HE purpose of this discussion is to 

supplement the paper by Yang, 

Beedle and Johnston first in respect 
to the function of deflection calculations 
in the plastic design method, and second 
with regard to prac tical methods ol calcu- 
iation of deflection magnitudes for general 
rigid frame structures, 

The plastic design method for redun- 
dant structures is based on the concept 
of failure load as one at which smal] load 
increments begin to produce much larger 
deflection increments than occurred at 
lower load levels. This type of failure is 
observed in tests on continuous beams 
and frames of mild steel as a sharp bend 
in the load deflec tion curve, so that with 
an increase of load of, say, 10% above 
the knee of the curve the deflection might 
oad 
(actually a narrow range of load) can be 


be doubled or tripled. This failure 


predicted by using the concepts of fully 


plastic moments and of plastic hinges. It 
is computed as the load at which plastic 
hinges have formed at a sufficient numb« 


of sections to reduce the frame or some 
part of it to a kinematic mechanism 
Under the hypotheses of the theory the 
frame is incapable of carrying a load above 
this one, and can deform indefinitely while 
it is held constant The deformations are 
actually limited by effects of strain harden- 
ing and shape ( hanges, Howeve ra con- 
siderable number of tests on beams and 
Irames (see for ¢€ xample reviews by B. iker 
and Maier-Leibnitz?) have shown that the 
simple theory is capable of predicting the 
observed failure load with reasonable 
accuracy despite the idealizations involved 
in the hypotheses 

Using this concept of failure a structure 
is designed so that the failure load com- 
puted for it equals the value obtained by 
multiplving the working load by the load 
lactor The latter is a factor chosen by 


the designer in accordance with his esti- 
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Welded Continuous Frame 
dnd the Deformation of Structures 


mate of uncertainties of fabrication and 


materials, and of possible overloads. The 


undamental advantage of the plastic 
method over elastic methods based on 
permissible stress values is that the latter 
cannot deal] directly with this real failure 
of the structure. Hence the designer has 
no way ot knowing what the actual factor 
of safety is, since this depends on the type 
ind redundancy of the frame and varies 
in an unknown way (to the elastic designer) 
from one structure to another. 

Moreover it has been shown" *#~* that 
the plastic failure loads can be computed 
for complex frames with a remarkable 
simplicity and quickness as compared 
with that of analogous elastic analyses 

The plastic methods are directly appli- 
cable in cases where the above described 
concept of failure is appropriate. This 
includes wartime structures* among others 
in which the ability to carry load without 


undergoing sudden excessive increases it 


deformation is the prime consideration 
Although the definition of failure involves 
the rapid growth of deflection (per unit 
load increase) it is not concerned directly 
with the deflections themselves, and in 
many structural design problems the 
ictual magnitudes ot deflections are gov- 
erning considerations. This concern with 
loads rather than (directly) with deflee- 
tion magnitudes has been recognized as a 
limitation of the plastic methods (see, for 
example, a discussion by Winter).’ 

It is clear that if the overriding con- 
sideration is a specified deflection magni- 
tude then the fundamental justification 
of the plastic method no longer holds, 
since elastic methods can predict’ values 
of loads producing failure in this sense as 
well as a plastic one. In general a frame 

innot be designed so as to satisfy simul- 
taneously two independent failure criteria 
For example, if the fixed-ended beam con- 
sidered by Yang, et al., (Fig. 1 (a)) is de- 
signed so that plastic collapse occurs at a 
specified load Pe then the deflection at 
collapse is fixed by this condition (within 
tirly narrow limits set by the available 
beam sections); and conversely, u the 
design is such that under a given load a 
specified deflection is attained, then the 
beam will not, in general, fail by plastic 
collapse at this load. 

It seems probable that in many cases in 
which deflection magnitudes must be 
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A B C (b) 


Fig. 1 Fixed-ended beam considered 

by Yang, Beedle and Johnston. Full 

circles in (b) show plastic hinges in 
failure by plastic collapse 


considered, the pl: failure load analysis 


can still be used as basis of design, thus 


taking advantage of the simplicity and 


directness of the plastic design method 
provided the plastic load analysis is sup- 
plemented by an analysis to check the 
values of important deflections The 


writer believes that often it will suffice to 
i 


ilvsis which vields ap- 


make a simple 
proximate values of deflections just as the 
failure load is attained. In order to make 
exact” deflection calculations in the 


Jastic range one should use accurate 
I 


diagrams of true stress vs. true strain 
and take account of the lowered rigidity 
of members due to the presence ol zones 
+] 


of material in which plastic low has 


occurred However, the sizes of these 
zones and their contributions to the de- 
flections are not easy to calculate, since 
they depend on the force and moment dis- 
tributions in the members Actual de- 
flections will also be influenced by effects 


such as the variation of yield stress and 


of the strain at which the material begins 
to work-harden, which are known to vary 
widely in as-received beams and also by 
peculiarities of support conditions which 


can hardly be predicted. In many cases, 


therefore, refined deflection calculations 
will be of doubtful practical value in the 
plastic methods, although the will be 
needed in laboratory research investiga- 
tions. If highly accurate deflection com- 
putations are needed, it seems probable 
that (rational) elastic design methods will 
be more appropriate in practice 

The simple method outlined below was 
first proposed by the writer.* It is approxi- 
mate since it neglects the effects of the 
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plastic zones near the plastic hinge loca- 
tions. However, it also neglects the strain 
hardening which almost certainly occurs 
at most of the plastic hinges. Since these 
two effects tend to oppose each other, a 
method neglecting both may be expected 
to provide reasonable estimates in many 
cases. To substantiate this, comparisons 
will be given with deflections calculated 
by a more refined method, and with a 
series of test results on smal] portal 
frames. Publication of these comparisons 
was intended earlier, but was unfortu- 
nately delayed until the present time. 
The method corresponds as far as as- 
sumptions are concerned to an approxi- 
mate method proposed by Yang, Beedle 
and Johnston. However, the usual failure 
load of the plastic methods will be taken, 
which moments at a 
sufficient number of cross sections have 


namely that at 


reached the fully plastic moment magni- 
tude MM, to convert the frame or part 
of it toa mechanism. Yang, et al., recom- 
mended using the load at which the 
moment at the final hinge reaches the 
yield moment value | M, |, as the load at 
which deflection values should be com- 
puted for design purposes. As another 
alternative, they suggested replacing M> 
| M,|. However, the 
failure load computed according to the 
usual hypothesis of reaching the value 

Vv, at all hinge sections has physical 
and theoretical significance lacked by the 
suggested alternatives. It seems prefer- 
able to the writer to consider this load 
and the corresponding deflections as basic, 
and to make corrections when needed by 
adjustment of the load factor, or by special 
methods for certain cases. 

\ main advantage of the following 
method over those suggested by Yang, 
is that it allows deflection estimates 
to be made for general rigid frames with 
quickness comparable to that of the fail- 
ure load calculations. Use of the well- 
known slope-deflection equations elimi- 
nates any dependence on handbook for- 


everywhere by 


et al., 


mulas 

To illustrate the method consider first 
the simple problem of Yang, et al., Fig. 1 
(a). To compute the collapse load P. it 
is necessary only to know that plastic 
hinges form at sections A, B and C, where 
the moments are —M,, M, and —M,, 
respectively, (Fig. 1 (6)). The collapse 
load is readily found merely from equi- 
librium (or by using virtual work) to be 
P. = 2LM,/ab. The plastic analysis 
gives no information about the order of 
formation of the plastic hinges unless a 
step-by-step analysis is made. This would 
be very tedious for complex frames, and 
in the present method is never necessary. 
In the case with a < 6 it is obvious that 
the most highly stressed sections are at A 
and B so that the last hinge is at C. This 
means that just before the collapse load 
is attained no rotation of the tangent line 
at C has occurred, whereas a definite rota- 
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tion has occurred at A and there is a dis- 
continuity in slope angle at B. The 
condition of zero rotation at C is sufficient 
to determine the deflection 5, under the 
load by writing the slope-deflection equa- 
tion*® for the segment BC, namely 


bp 


= 0 = b 


+ 


* A convenient form of the general equation 


(2 
l 6El 
where @5q is rotation at end P of span PQ, of 
length / and flexural rigidity EJ, @’pq is rotation 
at P under conditions of simple support, 4 is rela- 
tive displacement of ends, and Myq, Mg, are end 
moments All angles and moments in the above 
are defined in the positive-clockwise conventic’ 
invluding the angle 6// 


= + + — Mep) 


Note that if the last hinge to form had 
been (wrongly) assumed to be that at A, 
then the condition @4, = O furnishes 
5» = a°M,/6EI, while if the final hinge 
had been assumed at B, the condition 
= Oac yields the result 5, = abM,/6El. 
Both of these values are smaller (for 
c < 5) than the correct result given by 
Equation 1. 

This indicates the procedure which can 
be applied to general continuous beams 
and frames. The last hinge to form is not 
obvious, in genera.. However, each hinge 
in the actual collapse mode can be as- 
sumed, in turn, to be the last one. Each 
such assumption corresponds to an as- 
sumption of slope continuity or of absence 
of rotation of a tangent line, and through 
the slope-deflection equations yields a 
value of a particular deflection. The 
largest value thus computed is the correct 
(Special 
cases might exist in which the actual de- 
flection is less than this one but these will 
be rare and of no practical importance.*) 
The work can often be shortened since 
usually not all hinges need be considered ; 
inspection of deformations will indicate 
which are the most highly stressed sections 
in the elastic range, and these can be ruled 
out as possible locations of the last hinge 
to form. An equivalent procedure which 
is useful as a check has also been de- 
scribed. Examples are given elsewhere of 
applications to a two-span portal frame* 
and to a two-story portal frame.® 

Applying Equation 1 to the 14 WF 30 
beam considered by Yang, et al., with 
a = ft.,b = 20ft., My = 1380 in.-kips., 
M, = 1590 in.-kips., W = 41.8 in’, J = 
289.6 in.*, E = 30,000 kips. /in.? and a, = 
33 kips./in.*, the values of deflection and 
load at collapse are found to be 6, = 1.75 
in. and P, = 398 kips., respectively. 
This deflection result may be compared 
with that obtained by Yang, et al., using 
their approximate method (Appendix C) 
which yields results always on the safe 
side. In this method hinge action is as- 
sumed to start as soon as a moment reaches 
the magnitude M,, but in computing de- 
flection increments the load increments 
used are the correct ones with moments at 


one, as can be easily proved.® * 
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magnitude M, where hinge rotations have 
(This involves an obvious in- 
consistency.) Using the above data this 
method yields 6, = 3.04 in. This method 
always overestimates the deflection, by 


occurred, 


what may often be large amounts. A 
calculation has been made* of the con- 
tribution of the plastic zones to the de- 
flection at the collapse load P- in the 
present problem. With data as given 
above the final deflection was found in 
this case to be 6p = 2.09 in. This would 
be reduced if effects of strain hardening 
were taken into account. The result 
1.75 in. yielded by the simple method of 
this discussion underestimates the actual 
deflection by an amount probably less 
than about 15%. The method proposed 
oy Yang, et al., overestimates the deflec- 
tion by at least 45% in this case. Their 
method necessitates a step-by-step elastic- 
plastic would be 
lengthy in cases of more complex frames. 
In view of this, the simpler methed pro- 
posed by the writer may be considered 
satisfactory for purposes, even 
through the error may not be on the safe 
side, 

To indicate the accuracy of the method 
in typical cases comparisons with more 
refined calculations and with test results 
are of interest. The latter are of more 
practical importance than the 
since quite elaborate computations are 
necessary merely to take 
realistic stress-strain diagrams, and it is 
almost out of the question to include also 
such effects as inhomogeneity of physical 
properties, residual imperfect 
fixing of supports or continuity of joints, 
which may well be important in real 
structures. Hence a theoretical compari- 
son will be given only for a pin-based 
portal frame (Fig. 2 (a)) for which com- 
putations were made by Horne,” who 
took account in one case of only the effects 


analysis, and hence 


many 


former, 


account of 


stresses, 


of plastic zones and in the other case of 
effects of both plastic zones and strain 
hardening, using a standard stress-strain 
diagram for structural steel. The collapse 
mode of the frame considered is shown in 
Fig. 2 (c). In Horne’s calculations it was 
assumed that V was increased to the 
value causing yield to occur in the outer 
fibers at C, after which H was brought up 
from zero to the value causing collapse 
to occur. This order of load application 
is immaterial for the failure load analysis 
It is easily found that at collapse the load 
and moment values are as follows: 

H. = 0.4V. = 1.14M,/L, V. = 2.86M,/L 
Ms = 0.16M,, Mc = My, Mo = 
(Positive moments are those tending to 
open out the frame.) 

In computing deflections the cross 
section was assumed defined by web area 
Aw, flange area Ay and depth A as shown 
in Fig. 2 (6), and the special case where 


* The writer is indebted to C. F. A. Leth of 
Brown University for making this calculation 
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2A; = Aw was chosen, corresponding 
roughly to the standard 18 J 54.7 section 
The sidesway 6, and vertical deflection 
at C dy are easily calculated approximately 
by using the condition of slope continuity 
at C, since it is obvious in this case that 
the last hinge occurs here. The results 
are shown in the column labeled “simple 
method” in Table 1, which gives also the 
values obtained by Horne by the more 
refined methods, and the errors 

These comparisons show that for the 
sidesway (the larger and more important 
deflection) the two opposing effects in the 
most accurate calculation nearly cancel 
each other, and the simple method is here 
very accurate, 

It is of more significance to see how the 
simple method predicts deflections ob- 
served in tests at the theoretical coll apse 
load. A very complete set of test results 
on small-scale portal frames has been re- 
ported by Baker and Heyman."' These 
authors used fixed-base portals with side 
and vertical loads, as shown in Fig. 3 (f) 
The frames were of mild stee! (yield stress 
45.5 + 2.0 kips./sq. in.) with center-line 
dimensions 2 in. height, 4 in. span, and 
with legs of square section '/, by ; in 
Three series of tests were run, in which the 
horizontal beam had depth 6, 4 and 

« in., respectively, the width in all 
cases being '/, in. Ratios between V 
and H were chosen in each series so as to 
produce failure in five different modes 
In calculating these load ratios Baker and 
Heyman took account of the finite cross- 
section depth, putting hinges at cross 
sections at the inside corners rather than 
at intersections of center lines. However, 
in computing the collapse load and de- 
flection values shown on Figs. 3 (a)-(e) 
and in Table 2, using the simple method, 
only center-line dimensions were used, 
as would normally be done in practice. 
The listed load ratios are those used in 
both tests and present computations. 

The load-deflection curves in one series 
are shown in Fig. 3, with computed de- 
flections. The calculated deflections for 
all frames tested by Baker and Heyman 
are given in Table 2 together with the 


observed values (scaled from the pub- 
lished curves) at the computed failure 
load. The percentage errors listed show 
that the errors in the deflections deter- 
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ig. Pin-based portal considered by Horne’ 


Table 1—Comparison of Deflections in Example Treated by Horne“ (Fig. 2) 


Accurate 
method 
stan lard Accurate method 
stress-strain with strain hardening 
diagram neglected Simple metho 
Result Result % Error Result %E 
h 
L? 10°34 1.379 1.515 +99 1.320 
h 
L 10%5y 0.729 0.848 +15.6 0.621 10.4 
a 
r=} Vv | 
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Fig.3 Typical load-deflection curves obtained by Baker and Heyman."' Frame 

dimensions are shown in (f). Points in circles © show collapse load and de- 

flection values at imminent collapse as computed by simple method of this 

discussion. Points in squares © show failure load and deflection values divided 
by load factor 1.75. See also Table 2 
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Comparison with Test Results of Baker and Heyman'' (All Deflection Values Are 


in Inches 10~*) 


Series A: 
V =0, 
H, = H = 1.94V, 
356 Ib. H,. = 352 Ib. 
Deflection dy bn 
Observed 44.6 26.9 76.9 
Calculated 36.5 24.1 70.9 
Error —10 —8 


Series B: 


Deflection— 
Observed 76.9 
Calculated 75.3 


% Error 8 


Series C: 


= 0.72H, 
35 Ib. 356 Ib. 
Deflection— 
Observed 
Calculated 
% Error 


H, = 267 |b. 


—16 —38 


-9 —23 


beam depth h = '/, in. 


H =0, 
H = 047V, = 
= 356 lb. 356 Ib. 
by bu bn 
29.4 40 30.6 60.6 38.3 
24.7 24.7 33.6 80.6 30.4 
+10 +25 21 


H=V, 


beam depth h = in. 


0, 
1.50V, 1.23H, = 
151 Ib. = 200 Ib. = Ib. 
bn bn by 
26.4 35. 23.8 41.5 24.0 
24.0 27 27.0 16.9 26.5 
+13 +13 10 


Beam depth h = °/,6 in. 


H =0, 
= 

166 Ib. 
by 
22.: 
36.4 

+65 


mined by the simple method are large in 
but in most cases (18 out of 
24) are less than 25%. Of the six cases in 
© or greater, in five 
cases the errors are positive, i.e., the actual 
deflection is smaller so the error is on the 
safe side, 


some cases, 


which the error is 25% 


When a sufficient number of test results 
are available, full-seale 
frames of standard commercial sections, 
it should be possible to make a statistical 


especially on 


study of the errors, and, 
improve the simple method for the cases 
in which the errors are consistently large. 

A simple but rough method of obtain- 
ing deflections under the working load is 
to divide the deflection computed at the 
collapse load by the load factor. This 
has been done using the load factor 1.75 
for the frames tested by Baker and Hey- 
man; values are plotted in Fig. 3 but are 
not listed in Table 2. The computed 
values are found in every case to be larger 


if necessary, to 


than the measured ones, and in the cases 


for which the simple method overesti- 
mates the deflection at collapse the error 
may be very large. Since the error seems 
to be always on the safe side the method 
may be satisfactory for cases when only a 
rough check on the deflection under work- 
ing loads is needed, 
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WO scientists at Rensselaer Polytechnic 

Institute, Troy, N. Y., have found a 

rapid and accurate way for testing steel 
alloys, other metals and plastics to find out 
how long they will stand up under normal 
loads when they are used for making mov- 
ing parts of A research au- 
thority in a national industry has declared 
it “impossible to exaggerate the impor- 
tance” of this invention. 

The apparatus which Dr. Joseph L. 
Rosenholtz and Prof. Dudley T. Smith 
have assembled in their laboratory makes 
possible the completion in 10 hours or less 
of a testing job which has been requiring 
three months or longer on costly machines 
under expert supervision 

The importance of the Rensselaer dis- 
covery to industry of almost every kind, 
but especially to defense production, rests 
in the fact that government and industrial 
laboratories, the world over, are searching 
constantly for materials and alloys to meet 
new and demanding standards. 


machines, 
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Dilastrain Method 


Thousands of tests are run annually to 
determine if a new material will permit 
faster and cheaper production, will pre- 
vent breakdowns and will save lives in both 
industry and the The 
Rosenholtz-Smith apparatus permits the 
rapid and inexpensive testing of materials 
for tank engines and jet motors, as well as 
for propellers, turbine blades, revolving 
shafts and a myriad of other dynamic 
parts. 

The inventors call their discovery the 
Dilastrain Method. It is based on precise 
measurements of the extent to which speci- 
mens of a given material will expand under 
controlled temperatures. The patent 
rights will be held by Rensselaer Poly- 
technic Institute which will make the 
Dilastrain Method available under a li- 
censing plan. 

Industrial researchers want to know the 
endurance limit of each new material used 
for dynamic moving parts. They want to 
know the load it will bear without giving 


armed forces. 


Dilastrain Method 


way as it goes through an infinite number 
of its movements. 

The endurance limit, under the slow and 
costly which are em- 
has been found by sub- 


testing methods 
ployed presently, 
jecting test bars to varying loads or stresses 
and vibrating them until they either give 
way or prove sufficiently enduring. This 
ordinarily takes three months or longer 
since a half-billion cycles, or complete vi- 
brations, may be set as a practical limit for 
testing materials which have been designed 
for moving parts of machines. 

The method evolved by the Rensselaer 
scientists requires the selection of identical 
specimens of the material and putting 
them under stress in a definite range. 
They are then put through an equal num- 
ber of cycles of vibration so that al] will be 
on an even level of fatigue. This takes a 
few hours. The specimens are then 
placed in the apparatus and subjected to 
controlled temperatures ranging from 20° 
(Continued on page 64-8) 
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Steels 


Stainless-Steel Weld Deposits on Mild and Alloy 


® Review of published and unpublished information on dissimilar-metal 
joints made with stainless-steel electrodes; 


metallurgical characteristics of 


joints, dilution, mechanical properties, heat treatments, carbon migration, 


by Helmut Thielsch 


SUMMARY 


Definition 


DISSIMILAR-metal weld consists of a weld de- 
posit having a chemical composition which differs 
I by at least several per cent from the composition 
of at least one of the materials on which it is de- 


posited, 


The Dissimilar-Metal Joint 


In welding operations, part of the base metal is 
generally melted by the intense heat of the welding 
operation. The resulting fusion and mixing of the 
base steel reduces the relative percentage of alloying 
elements present in the weld metal. This generally is 
referred to as dilution. Some dilution is often de- 
sirable since it produces good and uniform bonding be- 
tween the base steel and the weld metal. 

When a ferritic steel is welded with an austenitic 
stainless-steel electrode, the weldment itself may be 
considered to consist of three major areas: (1) the 
heat-affected zone in the base steel, (2) a narrow hard- 
ened transition zone in the weld metal along the bond, 
and (3) the diluted weld metal. In certain welds the 
hardened transition zone is due to the formation of mar- 
tensite. In other welds the hardening is believed to 
be caused by alloying and by stresses which result from 
the differences in expansion between the austenitic 
stainless-steel weld metal and the base steel, from car- 
bide precipitation, and from other possible factors. 


Helmut Thielsch is Technical Assistant, Welding Research Council, New 
York, N. ¥ 
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base-steel and weld-metal cracking, hardenable steels and applications 


Thielsch—Stainless Weld Metal 


Generally, this hardened zone is not believed to be detri- 
mental—particularly when the carbon content is low 
The amount of dilution and the depth of penetration 
depend upon different welding conditions. Thus longer 
heating times and higher temperatures, which are 
produced by higher welding currents, higher preheating 
temperatures, ete., increase dilution and alloy diffusion. 


Heat Treatment 


Although in dissimilar-metal joints the residual 
stresses may be of considerable magnitude, they are 
generally not detrimental—unless the steel is exposed 
to environments which may cause stress-corrosion 


crackin E. Thus, stress-relievin 4 heat treatments to 
£ £ 
In fact, 


if the thermal expansion coefficients differ materially, 


remove residual stresses are rarely necessary 


cooling from the stress-relieving temperatures may 
restore all or at least part of the residual stresses 


Carbon Diffusion 


Noticeable carbon migration may occur across the 
bond whenever any two ferrous alloys of different 
chemical composition are intimately joined together 
and are exposed to temperatures at which the diffusion 
When con- 
siderable carbon migration has taken place from the 


rates of carbon in steel are appreciable. 


ferritic base steel into the stainless-steel weld metal the 
strength of the dissimilar-metal joint may be noticeably 
reduced. Carbon migration is influenced by (1) weld- 
ing procedure, (2) temperature of heat treatment, (3) 
metallurgical structure, (4) alloy composition, (5) 
time at temperature, and (6) stress. 


Failures 


Failures or cracks in dissimilar-metal joints may 
occur either in the base metal or in the weld metal. 
Cracking is usually caused by one or several factors, 
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such as inherent defects in the material, improper weld- 
ing technique, thermal or mechanical fatigue, impact 
shock, stress-corrosion, hydrogen embrittlement, creep, 
etc. Failure itself is the result of (1) crack formation 
and (2) crack propagation. 

Base-metal cracking in the heat-affected zone may 
occur during cooling, when the weldment is still at 
elevated temperatures or after the weldment has cooled 
down to atmospheric temperatures. In steels of poor 
quality the stresses produced by the dissimilar-metal 
joint may cause cracking along the laminations or 
segregations of non-metallic inclusions in the plate. 
In hardenable steels base-metal cracks are generally 
initiated by the formation of small cracks in the mar- 
tensite. Base-metal cracking may be prevented or 
minimized by means of suitable preheat and/or post- 
heat treatments. The recommended preheating tem- 
peratures depend upon the composition of the base steel 
and, to a lesser extent, on the welding process and pro- 
cedure. 

Weld metal cracks are the most common and serious 
defects which may occur in dissimilar-metal joints 
between a ferritic base steel and austenitic weld metal. 
Cracks are generally initiated by slag inclusions, poros- 
ity, lack of fusion along the bond, or by intergranular 
weakness in the weld metal which generally leads to 
hot cracking particularly in restrained root beads. 

In specific cases, weld metal failures may be pre- 
vented by first lining, “‘buttering,’’* the faces of the 
weld with 25-20 (Cr-Ni) weld metal. The balance of 
the weld is then completed with 25-20 or, sometimes, 
with 18-8 (Cr-Ni) weld metal. However, many in- 
vestigators prefer welding with 29-9 or 25-12 (Cr-Ni) 
electrodes to buttering. 


Welding 


A number of factors should be considered when mak- 
ing dissimilar-metal joints with stainless-steel elec- 
‘trodes. The proper type of electrode should be selected 
by primary consideration of the expected dilution and, 
to a lesser extent, the effects of welding procedure, 
base-metal composition, restraint, and service ap- 
plication. When restraint is severe it is particularly 
important that electrodes are selected which produce 
partially ferritic weld metal. 

When welding hardenable steels with austenitic 
stainless-steel electrodes and when preheating is not 
possible a buttering procedure with small electrodes 
may often be most satisfactory. When suitable pre- 
heat treatments are possible, standard building-up 
procedures with heavier electrodes may be better. 

The effects of corrosion and room- or elevated- 
temperature applications should also be considered. 
In a number of corrosive environments dissimilar- 
metal joints are susceptible to serious local galvanic 
corrosion and thus may be unsuitable. Certain dis- 


* Buttering denotes lining or “cladding” the groove faces of the base steel 
with a ‘dissimilar’ metal to produce beneficial effects, generally to prevent 
a The balance of the weld may, and usually is, of the same or of 
lower alloy composition than the “buttered” layer. 
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similar-metal weldments which are completely satis- 
factory in room-temperature applications may fail 
when exposed at elevated temperatures. Thus service 
environment merits serious attention. 


INTRODUCTION 


A dissimilar-metal weld consists of a weld deposit 
having a chemical composition which differs by at 
least several per cent from the composition of at least 
one of the materials on which it is deposited. 

Dissimilar-metal weldments are made when two or 
more different materials are to be joined by welding. 
Many examples of such weldments are found in re- 
finery, chemical, and power-plant installations. Low- 
alloy steel pipes or tubes may be welded to austenitic 
stainless pumps or turbine casings. Welded joints may 
be required between certain superalloys and mild, low- 
alloy or high-alloy steels. 

Dissimilar-metal deposits also may be made to join 
similar metals; for example, during the last war, armor 
plate, which is made of low-alloy, high-strength steels, 
was generally welded with austenitic stainless elec- 
trodes. Similarly, many low- and medium-alloy and 
chromium stainless steels are often welded with austen- 
itic stainless steel electrodes. Although in most cases 
it might often seem desirable to use an electrode having 
the same composition as the base steel, the very nature 
of the welding process may produce a weld deposit 
which has different properties from a corresponding 
composition in the wrought condition. A number of 
alloy steels, particularly the hardenable types, may not 
produce satisfactory weldments. Some  alloy-steel 
weldments exhibit poor mechanical properties or low 
corrosion resistance in the as-welded condition which is 
often due to the formation of an undesirable metallurgi- 
cal structure. 

The vield and tensile strength of austenitic weld metal 
may appear to be low for high-strength welded joints. 
However, the low vield strength is advantageous in 
permitting the slight plastic deformation required to 
distribute load among the imperfectly matched mem- 
bers of all-welded structures. Although it is sometimes 
not necessary for the weldment to have the full design 
strength of the base metal when the weld joints are of 
suitable design and location,® it is generally preferred, 
in good welding practice, to have the weld metal show 
as nearly as possible the properties of the base steel. 

Weld deposits on clad steels, which themselves repre- 
sent dissimilar-metal joints, also are examples of the 
use of dissimilar-metal weldments. Here the weld de- 
posit usually has a composition similar to the cladding 
metal. The dissimilar-metal joint is produced between 
the weld deposit on the clad side and the weld deposit 
on the parent metal or backing steel side. The latter 
weld deposit, as well as the parent metal, usually is 
a mild steel. 

Welded dissimilar-metal joints are generally pro- 
duced by are or gas welding, brazing, soldering, or 
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Fig. 1 


Structure of base metal, heat-affected sone, and 18-8 (Cr-Ni) stainless weld metal.** 


Magnification 75 


resistance welding. Moreover, according to Spraragen The Hardened Transition Zone 


and Rosenthal,'? differentiation may be made between : 
Although in certain welds the relatively high hard- 


ness values observed in this zone have been associated 
with the formation of martensite, in other welds the 
observed high hardness values are attributed to fac- 


two major types of dissimilar-metal joints, that is, 
between (1) metals dissimilar in the nature of their 


major constituents (iron and aluminum) and (2) 


metals dissimilar in the nature of their alloying elements 7 
tors other than the presence of martensite. In these 
(copper and brass, or mild steels and stainless steels). 


latter cases the increase in hardness has been ascribed 
rhe latter type of joint is the subject of this discussion 

; ; erage ; to alloving and to stresses caused by the differences in 
which will deal largely with joints between a stainless : 


, expansion of the austenitic stainless-steel weld metal 
steel and a mild- or low-alloy steel. Brazed and 


and the base steel, to carbide precipitation, etc.** 
soldered joints, which employ a non-ferrous material, 


; ip é The presence of martensite (also called core-mar- 
are not included in this discussion. 
tensite) in the hardened transition zone of the weld- 
ment shown in Fig. 1 is illustrated in Fig. 2 at a greater 
war on a icati . The we as f » fr 
18-8 (Cr-Ni) electrode.” 

In welding operations, part of the base metal is The absence or presence and, in the latter case, the 
generally melted by the intense heat of the welding 
operation. This penetration of the weld metal into 


width of the martensitic transition zone depends on 


the base metal usually is highly desirable since the 
resulting fusion and mixing between the molten portion 
of the base metal and the weld metal produces good 
and uniform bonding between them. When a dis- 
similar-metal weld is produced, the resulting mixing or 
fusion is generally referred to as dilution because the 
alloy content of a more highly alloyed material 
generally the weld metal—is decreased by being mixed 
with a metallic composition of lower alloy content 
generally the base metal. 

Fig. 2 Struc- 
ture of mar- 
tensitic trans- 
ition sone in 
the 18-8 (Cr- 
Ni) weld metal 
shown in Fig. 
1°? Magnifi- 
cation 400 X 


Although it is frequently convenient to assume that 
each weld bead in a dissimilar-metal joint is uniformly 
diluted, actual determinations have shown that a nar- 
row hardened transition zone is usually present at the 
bond between the ferritic base steel and the initial 
austenitic weld deposit. This transition zone is char- 
acterized by higher hardness than either the base steel 
or the stainless steel weld metal. Thus, the dissimilar- 
metal joint should be considered to consist of three major 
zones: (1) the heat-affected zone in the base metal, (2) 
the hardened transition zone, and (3) the diluted weld 
metal. 

The microstructure of a typical transition zone be- 
tween an 18-8 (Cr-Ni) weld deposit and a mild steel is 
shown in Fig. 1.°? 


Martensitic 
transition 
zone 
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the initial dilution and on diffusion of alloying ele- 
ments. It is a function of (1) the composition of the 
base steel and of the electrode material, (2) the amount 
of dilution and penetration, (3) the cooling rate, and (4) 
subsequent heat treatments. In many welds the action 
of these factors prevents martensite formation and re- 
sults only in leaving a narrow zone exhibiting high 
hardness values. For example, increases in the amount 
of austenite-forming elements in the electrode alloy 
reduce the width of the martensite zone and, in many 
compositions, prevent martensite formation. Thus, 
whereas many investigators seem to have observed a 
narrow martensite zone in 18-8 (Cr-Ni) weld deposits, 
as shown in Fig. 2, in 25-20 (Cr-Ni) weld deposits the 
presence of such a zone is generally not observed. 
The example in Fig. 3 shows Eberbach microhardness 
determination across the transition zone of a 25-10 
(Cr-Ni) weld deposit on a low-alloy steel (0.30 C, 
3 Niand1Cr). In this case the higher hardness val- 
ues are ascribed to martensite formation due to alloving 
caused by diffusion as a result of heating from multi- 
bead welding and a subsequent stress-relieving heat 
treatment.''* Stresses, as mentioned earlier, are also 
likely to have been a contributing factor to the higher 
hardness values. Alloy diffusion may have been 
negligible in single weld deposits which have not ex- 
perienced subsequent heating caused by multibead 
welding or heat treatments—particularly when the 
weldment was rapidly cooled. Under these conditions 
some investigators believe that, since the molten base 
steel and the weld metal have mixed completely, the 
hardening in the transition zone can be fully explained 
by stresses.°! This has been observed even in 18-8 


Weld meta 


Fig.{3 Eberbach microhardness determinations across 

hardened transition zone between austenitic 25-10 (Cr-Ni) 

weld metal deposited on a low-alloy steel.'"' Magnification 
200 
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Fig. 4 Vickers microhardness determinations across 
hardened transition zone between austenitic 18-8 (Cr- Ni) 
weld metal deposited on a mild base steel’ 


(Cr-Ni) weld deposit on a carbon steel which did not 
exhibit a martensitic transition zone as shown in Fig. 4. 
The small increase in hardness on either side of the 
bond was practically symmetrical and, as such, was 
believed to have been caused by stresses alone which 
were the result of the difference in expansion of the 
austenitic and ferritic materials."* 

The question of whether the hardness increase is 
due to martensite formation, or to residual stresses, or 
to both, is primarily of academic interest. Unless 
cracking has occurred during the initial cooling, this 
hardened transition zone is generally believed to be 
not detrimental. One exception may be the fatigue 
properties which are likely to be somewhat lowered by 
the existing residual stresses. 

Service applications or heat treatments above 1050 
F. (565° C.) generally will soften the martensite, when 
it is present, and may reduce somewhat the residual 
Results of exposure at 1050° F. (565° C.) 
on the martensite transition zone in an 18-8 (Cr-Ni) 
weld deposit are shown in Fig. 5.54 Heat treatments 
(or exposure) of these and similar joints above 1250° F. 
(675° C.) generally would not be recommended be- 


stresses. 


cause at these and higher temperatures carbon mi- 
grates at a considerable rate from the ferritic base steel 
into the austenitic weld metal. 


DILUTION 


Dilution is a term used to describe the mixing of the 
deposited electrode metal with that part of the base 
steel which is molten during the welding operation. 
The resulting weld metal, therefore, is a mixture of 
electrode metal and base steel. 

Problems of dilution are most important when 
austenitic weld metal is deposited on mild, low-, and 
medium-alloy steels and on martensitic or ferritic 
chromium stainless steels. Dilution of the austenitic 
weld metal changes the relative amount of ferrite and 
austenite forming elements. Thus, depending on the 
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To simulate the widest possible range 


| | of weld metal dilution the specimens 

; | were prepared by melting of suitable 

28 + T quantities of base steel and electrode 
” \ metal in an induction furnace. The 

: ¥ | | respective electrode materials were of 
| 
_y 220 19-9 (Cr-Ni) 25-20 (Cr-Ni) 
2 + —+ x + material, % material, % 
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| Mn 1.75 1.68 
Si 0.35 0.30 
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Fig. 5 Brinell hardness values of heat-affected zone in 2'/\Cr-1Mo base steel P 0.010 0.015 
welded with 18-8 (Cr-Ni) electrode metal after exposure at 1050° F. (565° C.)°* Ss 0.012 0.010 


amount of dilution and the resulting composition, 
some or even considerable quantities of ferrite (or 
martensite) may form in the weld metal. The rela- 
tion between dilution and transformation characteris- 
tics of 19-9 and 25-20 (Cr-Ni) electrode materials are 
shown in Figs. 6 and 7.7%* The base steel was a hard- 


enable chromium-nickel alloy steel containing: 


0 32 
Mn, % 0.23 
Si, % 0.01 
Cr, % 1.33 
Ni, % 2.95 
Mo, % 0.00 
P, % 0.013 
8, % 0.030 


* A paper in which these results are discussed in detail is now being pre- 
pared by W. H. Wooding for publication.’ 
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Fig.6 Effect of dilution on the transformation character- 
istics and temperatures of 19-9 (Cr-Ni) stainless-steel 
electrode materials™ 


DIMENSIONAL CHANGES 


The compositions of the diluted metals are given in 
Tables 1 and 2. 

The transformation characteristics of each diluted 
alloy were determined by means of a dilatometer.’* 
the weld metal from this 


Thus, as shown in Fig. 6, 
21-11 (Cr-Ni) 
diluted by as much as 35°% of the alloy base steel and 
still produce an essentially austenitic weld-metal 
structure. The 25-20 (Cr-Ni) electrode metal could 
be expected to produce fully austenitic weld deposits 


electrode could be expected to be 


up to a dilution of about 60°, by the base steel, Fig. 7. 
Of course, mild steels and alloy steels of lower nickel 
content would reduce the respective dilution limits 
at which the weld metal would tend to become par- 
tially ferritic (or martensitic). 
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Fig. 7 Effect of dilution on the transformation charac- 


teristics and temperatures of 25-20 (Cr-Ni) stainless-steel 
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Table |l—Chemical Composition of Heats Representing Various Dilution Levels of 19-9 (Cr-Ni) Electrode Materials” 


Melt Desired Actual 

heat dilution, dilution, -- 

No. % % Cc Mn 
l 10 8.00 0.09 1.06 
2 20 15.08 0.12 1.05 
3 30 27.50 0.14 0.98 
4 40 3980 0.18 0.74 
5 50 52.50 0.21 0.62 
6 oO 60.00 0.23 0.58 
7 70 72.50 0.19 0.44 
s 80 82.50 0.24 0.37 
9 40 92.50 0.23 0.27 


Analysis, % 


Cr Ne Mo Ss 
18.32 10.38 0.48 0.019 0.022 
16.56 10.02 0.43 0.017 0.014 
14.53 9.03 0.34 0.017 0.008 
12.39 7.77 0.55 0.014 0.025 
10.42 6.42 0.48 0.021 0.015 
8.66 6.10 0.43 0.018 0.012 
6.57 5.36 0.35 0.014 0.012 
4.7 4.26 0.26 0.015 0.021 
3.04 3.81 0.18 0.014 0.020 


Table 2—Chemical Composition of Heats 


Melt Desired Actual 

heat dilution, dilution, _- 

No. % % ( Mn 
1 40 40.00 0.18 1.42 
2 45 45.00 0.17 1.27 
3 50 51.00 0.20 1.09 
4 60 60.50 0.20 1.00 
5 7 70.50 0.22 0.82 
6 sO 81.50 0.20 0.70 
7 90 90.00 0.19 0.44 

95 96.50 0.25 0.14 


Representing Various Dilution Levels of 25-20 (Cr-Ni) Electrode Materials.’ 


Si 
0.38 
0.26 
0.22 
0.13 
0.11 
0.09 
0.04 
0.05 


Analysis, % 


Cr Ni Mo P Ss 
16.30 13.67 0.07 0.021 0.018 
15.18 12.84 0.02 0.021 0.021 
13.75 11.84 0.04 0.019 0.024 
11.25 10.08 0.02 0.019 0.018 
8.72 8.33 0.08 0.019 0.026 
6.19 6.12 0.03 0.016 0.024 
4.038 4.91 0.03 0.017 0.022 
2.18 4.08 0.02 0.013 0.016 


The amount of dilution and the depth of penetration 
primarily depend upon the welding conditions. Thus 
longer heating times and/or higher temperatures re- 
sulting from higher welding currents or heavier elec- 
trodes ete., increase dilution and alloy diffusion." 

Although it is unlikely ® that there is uniformity in 
the weld-metal composition, it is generally convenient 
to assume that each respective weld bead is of uniform 
composition (i.e., has been uniformly diluted). In 
most cases this assumption may be quite valid. How- 
ever, as the thicknesses of the base-steel section and of 
the electrode are increased, the cooling rates, which be- 
come more rapid with increases in the thickness of the 
steel, may cause sufficiently rapid solidification to pre- 
vent uniform mixing of the molten weld-metal pool. 
This is particularly true in the initial root pass which 
generally mixes with a greater amount of (molten) 
base steel and solidifies more rapidly than the subse- 
quent passes which are deposited on material heated by 
the initial deposit. The weld shown in Fig. 8 was made 
from an 18-8-Mo (Cr-Ni-Mo) electrode with a straight 
According to Granjon™ the struc- 
ture consisted of alternating zones of austenite and 
austenite-martensite, as verified by microscopic and 
microhardness determinations. It was believed that 
these two alternating elongated zones are caused by the 
drop-like transfer of weld metal from the electrode to 
the weld deposit and by discontinuous melting of the 
(See also p. 48-s.) 


forward movement. 


base steel. 


Estimation of Metallurgical Structure 


A simple method, allowing the estimation of “‘uni- 
form’’ chemical and structural changes in austenitic 
weld metal which was deposited on mild and alloy 
steels, has been developed by Schaeffler®* © and has 
been used by various investigators in predicting the 
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composition and structure of single and multibead 
weld deposits in dissimilar-metal joints." 5% 7 78 
The Schaeffler diagram provides a method for pre- 
dicting the structure of deposited weld metal based on 
its composition. Since, in the welding of dissimilar 
metals, the resulting weld deposit may be assumed to 
be a mixture of the electrode composition and of the 
base metal (or metals), the diagram is useful in pre- 
dicting the microstructure and composition of the 
“diluted” weld deposit. As is illustrated in Fig. 9, 
the composition of the base metal and the composition 
of the undiluted weld metal (or of the electrode 
disregarding slight losses of certain alloying elements 
during metal transfer while welding which are caused 
by oxidation, volatilization, etc.) are located on the 
diagram. By drawing lines joining the weld-metal 


Fig. 8 Alternating zones of austenite and austenite- 
martensite in 18-8-Mo (Cr-Ni-Mo) root weld deposit.” 
Magnification 
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Fig.9 Schematic determination of weld-metal composition™ 


composition and the base-steel composition, the struc- 
ture and composition of the resulting weld metal can 
be predicted on the basis of the dilution or mixing. 
The lines have been identified by Schaeffler © as 
dilution direction lines because they indicate the locus 
of compositions and structures which are possible with 


various amounts of dilution or weld- 
metal penetration. 

In the example shown in Fig. 9, 
deep penetration was assumed so that 
the weld metal was diluted by 40%, 
i.e., the deposit consisted of 40% 
base metal and 60°% electrode metal. 
When the compositions of the elec- 
trode and base metal are known only 
as alloy types, the range of possible 
compositions is generally indicated 
by squares or rectangles. The center 
of the square or rectangle is then as- 
sumed as the composition of the un- 
diluted weld metal. 

Two actual examples are illus- 
trated in Fig. 10. 
metal from a 19-9 (Cr-Ni)—Type 
308—and a 25-20 (Cr-Ni)—Type 
310—electrode is deposited on a low- 
alloy, chromium-nickel steel contain- 
ing 0.40°% carbon (SAE 4340). If 
a dilution of about 30°% is assumed 
and the 19-9 (Cr-Ni) electrode is used, the resulting 


Here, electrode 


weld metal composition could be expected to exhibit an 
austenite-plus-martensite structure which tends to be 
somewhat brittle. Greater dilutions would have resulted 
in greater quantities of martensite and in correspondingly 
higher hardness values and a greater tendency for weld- 
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Fig. 10 Dilution direction lines to predict the microstructure of the weld deposit when welding dissimilar metals. 
Photomicrographs show weld-metal structure resulting from depositing Types 308 and 310 stainless-steel electrodes 
on a SAE 4340 base steel™ 


JANUARY 1952 


Thielsch—Stainless Weld Metal 43-s 


‘2 
10 
| 
t} / 
8 0 @ 18 20 2 
CHROMIUM - % 
GALL 
AtB / ‘ 
4 
: 
\ 
ake > > = | 
F 
4 6 18 20 22 


metal cracking. On the other hand, with a dilution of 
the weld metal of only 10°}, a partially austenitic weld 
deposit would have been expected which contains a small 
amount of ferrite—generally a desirable weld-metal 
structure. If a 25-20 (Cr-Ni) electrode were used in 
welding the SAE 4340 steel and if the dilution had 
again amounted to 30°%, the resulting weld metal 
would be expected to be fully austenitic corresponding 
to a locus on the dilution direction line at a 20°) equiva- 
lent nickel—20°% equivalent chromium composition. 

These results show that, if a fully austenitic weld 
deposit is desired on an SAE 4340 steel, either a 25-20 
(Cr-Ni) electrode should be used or, if the partially 
ferritic 19-9 (Cr-Ni) type of electrodes is preferred, 
welding processes or procedures should be used which 
keep dilution of the 19-9 electrode material to below 
10%; 

The same reasoning applies to weld deposits on two 
different base metals and to multipass welding proce- 
dures. Typical results of the multipass welding of an 
SAE 4340 alloy steel to a 16-25-6 (Cr-Ni-Mo) stain- 
less steel with 29-9 (Cr-Ni) electrodes are shown in 
Fig. 11. The compositions and structures which 
each weld bead may be expected to contain are indi- 
cated in parts A, B, C, and D. 

The greatest importance of Schaeffler’s method lies in 
the fact that this procedure allows selection of the 
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proper stainless-steel electrode in the welding of steels 
having compositions* which correspond to those of the 
structural chromium-nickel equivalent diagram. 
Where this diagram is applicable, weld metal defects or 
failures of the welded joints in service might have been 
avoided if they were caused by incorrect electrode selec- 
tion. 

The amount of dilution can be estimated experi- 
mentally by sectioning the weld and by determining 
the relative area that the weld bead penetrates the 
base metal. Generally, however, 
terminations are not necessary since the rough esti- 
mation of the expected dilution would usually be suffi- 
cient. 

For bead-on-plate welds with the metal-are welding 
process at normal currents and are voltages, the dilu- 
tion will usually vary between 25 and 40°%.8 Ordi- 
narily, metal-are welding of root passes in butt welds 
usually results in dilutions ranging from 30 to 50°%." 
Nevertheless, by keeping down the welding variables 
which promote dilution (e.g., welding current, welding 
speed, ete.) the first pass of a butt weld, not backed up, 
may result in dilutions as low as 10 to 30°%. Dilution 
is generally somewhat lower in the first pass of a backed- 
up weld such as the first pass in welding stainless clad 
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steel from the clad side after the mild steel side has 
been welded. In fillet welds dilution is also believed 
to be relatively low.’ 

According to Schaeffler the chilling effect of the 
groove design is the most important factor; i.e., dilu- 
tion depends upon the “angle of effective cooling.”’ 
The word “effective” is primarily related to the rela- 
Thus a 
thin plate or sheet would cause less ‘effective’ cooling 
than a thick plate. 


tive quenching effect of the base metal area. 


For a bead-on-plate weld, the 
‘angle’ of cooling is roughly 180 degrees and dilution 
averages about 30 to 35°7%. In bead-on-bead welding 
the “angle’’ of cooling decreases to about 90 te 120 
degrees which corresponds to dilutions ranging from 40 
to 50°, 
the other hand, in the root pass on a backed-up groove, 


as determined by actual measurements. On 


cooling is partly upward as well as sideways and down 
and the angle of cooling approaches 250 degrees 
Dilutions of around 10 to 15° have been determined 
for these welds.'” 

Ordinarily, penetration will be substantially less in 
vertical welds than in flat welds or overhead welds." 

When, in deep penetration welding, a relatively large 
quantity of base steel is molten and dilutes the weld 
metal sufficiently to cause the formation of martensite, 
the use of electrodes of higher alloy content is often 
desirable. Thus, when severe dilution of 18-8 (Cr-Ni) 
would produce a weld metal containing considerable 
quantities of martensite, such undesirable martensite 
formation can usually be eliminated or minimized by 
welding with 25-20 (Cr-Ni) electrodes. However, 
sometimes even the 25-20 (Cr-Ni) weld metal may be 
diluted to such an extent that it becomes partially 
martensitic. For example, weld metal produced by 
submerged are welding will usually exhibit dilutions 


+ 


ranging from 40 to 75°%.°% Because of the high dilu- 
tions many welders find that 25-20 (Cr-Ni) electrodes 
are unsuitable for this process®* unless special proce- 
dures are used which reduce dilution to below 40 to 
50%.* 


value in Fig. 7 pertains to dilutions between 25-20 


\ method which has often produced satisfactory re- 
sults on relatively thick plates (over | in.) 
buttering the groove faces of the base steel with 25-20 


CONSISTS of 


(Cr-Ni) weld metal similar to the procedure shown in 
Fig. 12.44%. ©! The balance of the weld may then be 
completed with either 25-20 or 18-8 (Cr-Ni) weld 
metal.* For example, Sykes"! produced good results 
in manual are welding of 1*/4-in. thick mild steel plates 
by buttering the groove faces of a double V-joint with 
25-20 (Cr-Ni) electrodes (0.16 in 
completing the balance of the weld with 18-8 (Cr-Ni) 
Vickers hardness de- 
terminations (30-kg. diamond) gave the following 


diameter) and 


electrodes (0.23 in. diameter). 


results: 


Mild steel 178 
Mild steel—25-20 (Cr-Ni) weld-metal transition zone 92-204 
25-20 (Cr-Ni) weld metal 234 
25-20 (Cr-Ni)—18-8 (Cr-Ni) weld-metal transition 

zone 215 
18-8 (Cr-Ni) weld metal 227 


Buttering with 18-8 (Cr-Ni) electrodes (0.23 in 
diameter) gave Vickers hardness values of 402 in the 
Buttering with 18-8 (Cr-Ni) elec- 
trodes of smaller diameter reduced dilution. For 
(Cr-Ni) electrodes of 
0.13 in. diameter resulted in a hardness of 301 


buttered layer.'°! 
example, buttering with 18-8 


The importance of avoiding martensite formation in 
the weld metal is often exaggerated, especially in those 
cases where softening will occur during service. 
Thus, in tensile tests which Sykes"! made across the 
joints of the above specimens, fracture occurred in the 
martensitic buttered deposit only in the case of the 
18-8 (Cr-Ni) weldment which gave hardness values of 
102. Nevertheless, martensitic fusion zones are likely 
Attention 
should also be drawn to the advisability of avoiding 


to constitute a weakness during welding 
large diameter electrodes in highly restrained dis- 
similar-metal welds, not only because they increase the 
dilutions but also because they result in greater shrink- 
age stresses across the joint."! This may not apply 
in cases where low restraint is present during welding o1 


page 55 
ee also page 55-s 


Fig. 12 Welding procedure for a dissimilar-metal joint having a high restraint. (A) Order in which weld beads are laid; 


(B) method of buttering groove faces; and (C) multibead 18-8 (Cr-Ni) weld buttered with 25-20 (Cr-Ni) electrode metal® 
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where a satisfactory buttering technique with 25-20 
(Cr-Ni) electrodes has been used."! 

One objection to the use of a 25-20 (Cr-Ni) electrode 
for these dissimilar-metal welds is that a fully 
austenitic deposit of this type is generally susceptible 
to hot-cracking—particularly under restraint.2. How- 
ever, this does not apply where the dilutions introduce 
a sufficient proportion of high-temperature ferrite 
(forming above the M, temperature) without marten- 
site hardening." For example, in the welding of 20% 
chromium stainless-steel sheets or thin-walled tubes, 
where dilutions are about 40%, 25-20 (Cr-Ni) elec- 
trodes produce a deposit containing 23% chromium 
and 12°; nickel which has up to 10°% of high-tempera- 
ture ferrite and does not harden up."! 


Factors Minimizing Dilution 


In dissimilar-metal welding, dilution is minimized by 
the use of low welding currents*** * and relatively 
high are voltages.2* When these conditions are met, 
dilution in single-layer deposits made, for example, by 
submerged-are welding may be reduced to values as 
low as 20°); that is, 20°% by volume of the fused metal 


consists of base-plate composition and 80°% of (un- 


diluted) weld-metal composition.** 

In metal are welding an increase in the speed of elec- 
trode travel generally tends to increase dilution. 
Although increased welding speed decreases the amount 
of base metal that is molten, the quantity of deposited 
electrode metal is decreased even more so that the ratio 
of molten base steel to deposited electrode metal will 


* The fact that higher welding currents increase dilution is in good accord 
with predictions based on the theory of moving heat sources. The amount of 
the base metal participating in the molten metal pool increases more rapidly 
with the current than the amount of the metal deposited from the electrode. * 
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Fig. 14 Effect of welding speed upon width of weld deposit 
and depth of penetration* 


increase. These relations are apparent from arc-weld- 
ing experiments by Okada and Ikawa"? shown in Figs. 
13 and 14. A single bead from an 18-8 (Cr-Ni) elee- 
trode was deposited on a 0.2-in. thick mild steel plate. 
The welding current was 125 amp. and the are voltage 
was 25 v., d. ¢., reverse polarity. Data of similar ex- 
periments on a 0.6-in. thick plate are also indicated." 
Results of hardness determinations of the weld metals 
are given in Fig. 15. 

Dilution will also be affected by welding technique 
and welding sequence. 

Data on the effects of electrode diameter have not 
yet been published. It can be argued that even though 
a larger electrode will “dig deeper’ it also deposits 
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Fig. 15 Effect of welding speed upon weld-metal hard- 
ness? 
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more filler metal and hence may not have any effect on metal. Thus dilution may be reduced to values below 


the total dilutign."~ In other words, if the current 10°% and in some cases may even be as low as 1.5°%.** 
density is the sme for all sizes of electrodes, there The inert-gas metal-are welding process is also be- 
should be no change in dilution." Penetration will lieved® to produce low dilutions. Particularly low 
be greater, but not the dilution." values have been obtained with the so-called Aircomatic 

Dilution may be reduced somewhat by designing the process. However, whereas consuming stainless-steel 
joint so that penetration or melting of the base steel is electrodes are used in the Aircomatic process, non-con 
minimized.” suming tungsten electrodes are used in the conventional 

In submerged-arc welding dilution is relatrvely high inert-gas welding process. Although dilution of the in 
because of the high current density used. sHowever, itial weld bead has been reduced by careful procedures to 
arc voltage and travel speed represent also important below 10°%,* it usually exceeds this value.* * Manual 
variables. That dilution is increased as welding cur- procedures usually result in less dilution than automatic 4 
rent, are voltage, and travel speed are increased is well procedures because of the lower currents used in man- 
illustrated by results by Kerr™* which are given in ual welding. 


Tables 3 to 5. 
The submerged-are process’* may be modified by 
employing two electrodes. If they are electrically 


Velting of the Base Steel 


connected in series the penetrating effect of the Melting of the base steel is not necessarily continuous, 
welding arc is considerably reduced. Consequently, a but may instead proceed along grain boundaries.” 


smaller amount of base metal is fused with the weld Thus the action of the are and the great thermal gradi- 


Table 3—Effect of Welding Current on the Welding Characteristics of Submerged-Are Welds on a Carbon-Steel Plate.'** 
(Type 430 Electrode Wire, 30 V., d. ¢., Reversed Polarity, 20 In. per Minute Travel Speed, Linde 80 Flux) 


Welding Deposit Crown Base Crown 
current, width, height, Penetration, area, area, Dilution, 
amp. in. in. in sq. in sq. in. 
250 0.410 0.074 0.057 0.0129 0.0212 37.6 
300 0.506 0.081 0.084 0.0230 0.0290 44.2 © 
350 0.573 0.082 0.082 0.0269 0.033 44.8 | 
400 0.585 0.089 0.117 0.0371 0.0390 48.7 ' 
450 0.620 0.106 0.153 0.0532 0.0471 53.0 i 
500 0. 666 0.126 0.164 0.0632 0.0546 53.7 
550 0.670 0.163 0.225 0.0855 0.0620 58.0 
600 0.659 0.162 0.299 0.1094 0.0699 61.0 


188 1329 


Table 4—Effect of Arc Voltage on the Welding Characteristics of Submerged-Are Welds on a Carbon-Steel Plate." (Type 


130 Electrode Wire, 400 Amp., d. c., Reversed Polarity, 20 In. per Minute Travel Speed, Linde 80 Flux) 


Welding Deposit Crown Base Crown 
voltage, width, height, Penetration, area, area, Dilution: 
v. in. in im 8q. in. 8q. in. Q 
25 0.545 0.119 0.108 0.0350 0.0414 45.8 
27'/ 0.585 0.093 0.120 0.0388 0.0412 48.4 
30 0.585 0.089 0.117 0.0371 0.0390 48.7 
0.621 0.136 0.0420 0.0405 50.9 
35 0.636 0.081] 0.146 0.0487 0.0388 55.6 
37'/s 0.665 0.077 0.134 0.0444 0.0380 53.9 
40 0.704 0.081 0.137 0.0503 0.0393 56.1 
42'/; 0.726 0.076 0.143 0.0535 0.03878 58.6 
45 0.710 0.079 0.161 0.0600 0.0396 60.3 


0.165 0623 0380 


Table 5—Effect of Travel Speed on the Welding Characteristics of Submerged-Are Welds on a Carbon-Steel Plate. 
(Type 430 Electrode Wire, 400 Amp., 30 V., d. c., Reversed Polarity, Linde 80 Flux) 


Welding Deposit Crown Base Crown 
speed, width, height, Penetration, area, area, Dilution, 
in. per minute in in in. sq. in. sq. in o/ 

4 1.200 0.210 0.247 0.1340 0.1997 401 

Ss 0.953 0.132 0.177 0.0800 0.0950 45.7 

10 0.785 0.131 0.202 0.0790 0.0769 50.6 

12 0 807 0.105 0.131 0.0546 0.0621 46.8 

16 0.709 0.091 0.143 0.0488 0.0478 50.3 

20 0.715 0.140 0.175 0.0371 0.0390 48.7 

24 0.573 0.071 0.115 0.0365 0.0321 §3.3 

28 0.530 0.070 0.109 0.0317 0.0267 54.3 

32 0.498 0.065 0.112 0.0313 0.0244 56.1 

$6) 0.491 0.066 0.115 0.0331 0.0231 58.9 

10 0.456 0.064 0.123 0.0306 0.0194 61.2 

5 128 0319 0156 l 


Thielsch—Stainless Weld Metal 


JANUARY 1952 


al 
650 0.644 0.0794 62.4 
47'/s 0.670 0.082 62.1 
47-s 


ents in the crater are believed to break off or tear 
loose slices or flakes of the base steel, which may be- 
come detached at one or both ends from the base 
steel.” © An example of this is shown in Fig. 16 
where such a flake is embedded in 25-20 (Cr-Ni) weld 
metal which was deposited on a 13° chromium—0.20; 
aluminum (Type 405) stainless steel. These flakes will 
generally dissolve in the weld metal. In some cases 
they are likely to contribute to the banded structure 
shown in Fig. 8 which was caused by non-uniform dilu- 
tion. Occasionally these flakes may not have time to 
dissolve completely and thus they may appear em- 
bedded within the weld metal. These effects have 
been particularly observed in dissimilar welds on hard- 
enable low-alloy steels® and chromium. stainless 
steels where it seems that the austenitic weld metal can 
preferably penetrate the alloy plate near the grain 
boundaries. These structures, therefore, aid in the 
study of the solubility effects at the interface.” 


MECHANICAL CHARACTERISTICS 


Residual Stresses 


The differences in coefficients of expansion in dis- 
similar-metal joints may introduce residual stresses of 
considerable magnitude in the joint. Additional 
stresses are the result of expansion caused by local 
transformation of austenite to martensite. In addi- 
tion, the nature of the structure may introduce internal 
stresses. For example, long pipe sections may cause 
bending stresses of considerable magnitude. 

Restraint will also introduce residual stresses. 
Thus a tensile stress will develop across a butt weld 
during cooling if the normal thermal contraction of the 
weld metal is prevented by external transverse re- 
straint.” This latter stress is also called reaction stress. 
However, because of the high plasticity of the austenitic 
stainless weld metal, the residual stresses are rarely 
found to be detrimental. 

Thus it should be apparent that failures resulting 
from residual stresses are quite rare. Actually, most 
failures may be related to weld defects or other struc- 
tural defects. This, for example, was shown in ex- 
periments by Kautz®! on steel boilers which had been 
welded with 18-8 (Cr-Ni) electrodes. The vessels 
were subjected to alternating hydrostatic pressures 
above normal boiler requirements. In each case, 
failures in the welded joint could be related to small 
structural defects or notches which were readily 
recognizable in radiographic studies. 

Only in those conditions, where certain corrosive 
environments may cause stress-corrosion cracking or 
caustic embrittlement or where excessive residual 
stresses may lead to cracking in highly restrained joints 
of already crack-sensitive weld metals, may it be ad- 
visible to reduce residual stresses. These residual 
stresses may also be thought to be detrimental when 
actual notches or weld-design notches produce an un- 
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Base steel Weld metal 


Fig. 16 “Flake” of Type 405 base steel embedded in 25-20 
(Cr-Ni) weld metal. Magnification 200 


favorable triaxial state of stress in the ferritic steel 
since this triaxial state of stress raises the transition 
temperatures from ductile to brittle behavior of the 
weldment.** An example of this was recently re- 
ported in the brittle cracking of welded German sub- 
marine sections.7* The cracks primarily occurred in 
mild-steel weldments. The use of austenitic electrodes 
overcame this trouble. 

Residual stresses may be minimized by preheating 
the weld joint between 150 and 500° F. (65 and 260 
C.).™ This treatment also tends to produce often 
beneficial structures in the heat-affeeted zone of hard- 
enable steels. Special preparation and welding se- 
quences may also be advantageous. ‘Thus although a 
back-step welding procedure in many cases will pro- 
duce just as great a residual stress as continuous weld- 
ing, it is believed® that this procedure produces an 
internal-stress pattern in which the various tension 
and compression areas are balanced against each 
other. 

Although weaving may produce smaller residual 
stresses in the longitudinal direction than would be 
in the transverse direction 


92 


produced by beading, 
weaving will produce higher residual stresses than 
beading.*? The reason is that in the transverse direc- 
tion the wider bead deposited by weaving must contract 
more and the resulting higher residual stresses may 
cause cracking, particularly when using austenitic 
electrodes. In any case, when welding with austenitic 
electrodes the extent of weaving should not exceed 
two times the nominal diameter of the electrode.** 
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Multibead deposits are believed by some investigators 
to exhibit lower residual stresses than single bead 
deposits. This is particularly important in heavy 
plates since, in general, the residual (transverse) 
stresses increase with plate thickness.” For example, 
an increase in plate thickness from '/s to 1 in. is believed 
to cause the final stress values to be doubled™ unless 
the yield point of the steel is exceeded. 

Xesidual stresses generally are less severe in welded 
joints produced by automatic welding processes than 
in those made by manual operations.” The accepted 
reason is that the higher heat input used in automatic 
welding produces slower rates of solidification and 
cooling under the slag. 

It should be realized that heat treatments cannot 
effectively relieve residual stresses in weldments com- 
posed of materials which have different coefficients 
of expansion. Mechanical means are more effective 
in reducing the residual stress level. Thus stress re- 
lieving by means of peening of heavy weldments is 
practiced by many companies. Although excessive 
peening is likely to cause cracking in the austenitic 
weld metal,” such cracking is not usual since commercial 
experience teaches the correct amount of peening. 


Weld Design 


The best American welding practice usually calls for 
full penetration welding in butt and corner joints. 
Although butt welds seem to be preferred over fillet 
welds, the suitability of fillet welds versus butt welds is 
dependent upon design considerations. In many 
applications fillet welds are completely adequate. 


Distortion 


In the production of austenitic weld deposits on 
armor-plate steels, distortion has been occasionally 
controlled by shot peening.”® 


Machinability 


Weldments which require extensive machining, 
particularly if a stress-relieving treatment is desired to 
give machining stability, should be made with ferritic 
electrodes. 

Although austenitic stainless steel is more difficult to 
machine than ferritic steel, the finished surface of the 
machined austenitic stainless steel may be superior to 
the ferritic steel.® 


EFFECTS OF HEAT TREATMENTS 


Stress Relieving 


Although in dissimilar-metal joints containing 
austenitic weld metal the residual stresses may be of 
considerable magnitude, they are generally not detri- 
mental.5! Thus stress-relieving heat treatments to 
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remove residual stresses do not seem to be essential. 
The relatively high plasticity and the absence of notch 
sensitivity in austenitic weld metal usually allow relief 
of excessive local stresses by plastic deformation.*! 
Furthermore, the difference in thermal expansion coeffi- 
cients would result in at least part of the residual stresses 
being restored during cooling from the stress-relieving 
temperature. 

An exception to this can be found in dissimilar metal 
joints which are exposed to thermal*® and ‘or mechani- 
cal'? fatigue or shock. For example, a possible water 
“carry-over” from boilers into steam piping may re- 
sult in an instantaneous temperature drop of 400° F. 
(205° C.) of the welded dissimilar-metal joints in the 
pipes which are generally made of ferritic chromium- 
molybdenum alloy steels.25 With the anticipated 
high order of stress resulting from differential thermal 
contraction, it is believed that a postheat treatment to 
lower the residual stresses and also to reduce the transi- 
tion temperature from ductile to brittle behavior of the 
ferritic steel-pipe material would more than offset the 
detrimental effects of carbide accumulation which may 
occur during postheating."® Thus, in this particular 
application, postheat treatment of the dissimilar- 
metal weldment between about 1275 and 1325° F, 
(690 and 720° C.) has been considered to be beneficial.* 
Stress-relieving treatments are also sometimes used to 
insure dimensional stability.*? Ordinarily, however, 
the detrimental effects resulting from such stress-re- 
lieving heat treatments are considered to be greater 
than the advantages gained from the relief of stresses. 


Hydrogen Embrittlement 


When moisture may produce hydrogen embrittlement 
in the heat-affected zone, heat treatments at tempera- 
tures between 500 and 700° F. (260 and 370° C.) may 
sometimes be beneficial if they immediately follow the 
welding operation. However, when cracks are already 
present little, if any, improvement may be noted, 
Ordinarily the use of dry stainless-steel electrodes will 
prevent this type of embrittlement 


Metallurgical Changes 


In dissimilar-metal joints on hardenable steels, 
where postheat treatments may be necessary to pro- 
duce beneficial structural changes, the austenitic 
chromium-nickel stainless-steel weld metal generally 
requires higher temperatures than those recommended 
for most of the alloy steels. Thus in many dissimilar- 
metal joints a suitable heat treatment for one com- 
ponent may have detrimental affects on the other.*? 
For example, the austenitic stainless alloys which are 
susceptible to intergranular carbide precipitation and 
sigma-phase formation should not be heat treated at 
temperatures between about 1000 and 1600° F. (540 
and 870° C.) and for exposure periods which pro- 


duce intergranular carbides? and/or sigma particles* 
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when the formation of such phases affects detrimentally 
the life of a particular composition in a certain service 
environment. 


Normalizing 


In austenitic stainless weld deposits on mild steels, 
normalizing of the dissimilar-metal weldment generally 
is not necessary ®? and, in fact, is often undesirable.” 


Preheat Treatments 


Preheating is often used in situations where the effect 
of the preheat treatment is not fully understood.*? 
The preheating temperature employed prior to welding 
generally depends upon the particular steel that is to be 
welded. This is important since the desired effects 
of the preheat treatment are primarily metallurgical in 
nature. Thus, increased preheating temperatures have 
an important effect upon the transformation structures 
which are produced in the steel asa result of the welding 
operation.®? However, not only the composition of the 
material but also the type of structure comprising the 
weldment must be considered when a preheat treat- 
ment is employed with the sole idea of minimizing 
stresses. Two alloys which have the same composition 
but different metallurgical structures, in one case, may 
be affected beneficially and, in the other, detrimen- 
tally.®? 

One of the advantages gained from the use of stainless 
steel electrodes in welding alloy steels, which ordinarily 
require preheat treatments, is that when  stainless- 
steel electrodes are used the required preheating tem- 
peratures may be reduced by about 200 to 300° F. (110 
to 165° C.) below the temperatures recommended for 
welding with the standard alloy-steel electrodes. 

Often preheat treatments are not at all used since suf- 
ficient heat is provided by the welding operation itself on 
structures where the joint does not offer severe restraint. 
Nevertheless, the following preheating (and interpass) 
temperatures are ordinarily recommended when weld- 
ing some of the more common alloy steels with auste- 
nitic stainless-steel electrodes :25 #4 81. 98, 118 


Preheat temperature 


Material 
300 
1Cr—'/,.Mo 300 
2'/,Cr- 1Mo 400 
4 to 6Cr-1Mo 500 
7to 13 Cr 300-600 
3Ni-1Cr 400-600 5-315 


The higher temperature values usually apply to 
heavier sections exhibiting relatively severe conditions 
of restraint. 

For a preheat treatment to be beneficial, in so far as 
stresses are concerned, preheating must reduce weld 
shrinkage.*? However, preheating can only reduce 
weld shrinkage if the volume into which the weld metal 
is deposited is smaller at room temperature than at the 
preheating temperature.” 
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‘Three general types of weldments are most commonly 
used:*? (1) Two plates are butt-welded together with 
varying degrees of restraint at the ends and sides; 
or (2) a homogeneous structure is (repair) welded be- 
cause it contains an opening or defect (of the type 
commonly associated with castings); or (3) two pipe 
sections are butt welded together with varying degrees 
of restraint at the ends. 

The effect of preheating upon each of these types of 
weldments is different. In the first type, if the plates 
are restrained at the sides and if the groove face is 
heated, there will be a tendency for the groove opening 
to close and the groove face to lengthen. The ratio of 
the volume of the weld groove at room temperature as 
compared to the volume at the preheating temperature 
will depend upon the length of the groove face and the 
width of the area to be heated.*? Generally the length 
of the groove face is long as compared to the width of 
the area preheated so the effect of the preheat treatment 
would be to increase the length of the groove to a greater 
degree than to close the width of the groove opening. 
This should result in a volume which is greater at the 
preheat temperature than at room temperature. — If the 
plates are restrained at the ends as well as at the sides, 
the lengthwise expansion of the groove face will be 
restricted and closing of the groove opening will be 
accentuated upon heating. This will tend to produce a 
smaller volume at the preheat temperature than at room 
temperature which would tend to increase weld shrink- 
age and produce higher residual stresses."* 

In the second type of weldment, if the entire structure 
is preheated, the opening or weld groove will tend to 
increase in size producing a volume of weld groove 
which is larger at the preheating temperature than at 
room temperature, with a resulting decrease in weld 
shrinkage and residual stress.** 

In the third type of weldment, preheating the weld 
groove in two restrained sections of pipe will lead to a 
closing of the groove opening and an expansion of the 
circumference.©2. The ratio of the increase in circum- 
ference to the decrease in the weld-groove opening will 
determine the change in volume upon preheating. 
If the length of the pipe which is heated is longer 
than the circumference, it is possible to decrease the 
volume of the weld groove upon heating with a resulting 
increase in weld shrinkage and stresses upon subsequent 
cooling to room temperature. Generally, however, 
only the face of the weld groove is preheated. This re- 
sults in a greater increase in circumference as compared 
to the decrease in groove opening, with a subsequent 
decrease in weld shrinkage and stresses.*? 


EFFECTS OF ELEVATED-TEMPERATURE 
EXPOSURE 


Carbon Diffusion 


Noticeable carbon migration may occur across the 
bond whenever any two ferrous alloys of different 
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chemical composition are intimately joined together 
and are exposed to temperatures at which the diffusion 
rates of carbon in steel are appreciable. When con- 
siderable carbon migration has taken place from the 
ferritic base steel into the stainless-steel weld metal the 
strength of a dissimilar-metal weldment may be notice- 
ably reduced.“ The concentration of the carbide- 
forming elements in the austenitic stainless-steel weld 
metal, such as chromium, columbium, titanium, ete., 
sets up a carbon gradient by the precipitation of car- 
bides in the stainless steel adjacent to the bond. At 
suitable temperatures this results in further diffusion of 
carbon from the ferritic base steel into the stainless- 
steel weld metal of lower “free’’ carbon content."! 
The welding process increases the propensity for car- 
bon diffusion by retaining in solution carbon atoms in 
the base steel adjacent to the bond. Upon further 
heating these “free’’ carbon atoms are available for 
migration. 

The effects of carbon migration from a 7Cr-' ».Mo 
base steel into a 25-20 (Cr-Ni) weld deposit after hold- 
ing 1000 hr. at 1200° F. (650° C.) are illustrated in 
Fig. 17. The layer of coarse grains on the ferritic side 
of the interface is indicative of the decarburization 
that has occurred.® 

A microhardness survey across the bond between a 
25-20 (Cr-Ni) weld deposit on a 2' 4 chromium alloy 
steel which had been exposed for 48 hrs. at 1300° F. 
(705° C.) is shown in Fig. 18°! The high hardness 


Base steel 


Weld metal 


Fig. 17 25-20 (Cr-Ni) weld metal on a 7Cr-' .Mo alloy- 
steel pipe after holding 1000 hr. at 1200° F. (650° €.). The 
layer of coarse grains on the ferritic base steel side of the 
bond is indicative of the decarburization that has occur- 
red.“ Magnification 75 XX. Etchant: mixed acids in 
glycerol 
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values at the bond are believed to be caused by exces- 
sive carbide precipitation. ** 

There are six major factors which influence the rate 
and degree of carbon migration:® (1) welding proce- 
dure, (2) temperature of heat treatment, (3) metallurgi- 
cal structure, (4) alloy composition, (5) time at temper- 
ature, and (6) stress. 


Welding Procedure 


The welding prpcedure is of importance because it af- 
fects the amount of heating of the base steel and thus 
the width of the area in the heat-affected zone in which 
carbon is retained in solution. The width of this zone 
is increased with increases in the amount of heating 
Carbon tied up in the form of carbides may also migrate 
but it must first dissolve in the steel matrix. This is a 
relatively slow process in ferritic steels.” 


Temperature of Heat Treatment 


The temperature at which carbon migration becomes 
noticeable depends upon the materials involved and 
upon the time of exposure at the respective tempera- 
Between a 2'/,Cr-1Mo steel and a 19-9-Cb 
(Cr-Ni-Cb) stainless steel the minimum temperature 


ture 


at which noticeable carbon migration occurs is at about 
1050° F. (565° C.) 

The rate of carbon migration across the bond in- 
creases with temperature and approaches a maximum 
at the lower critical point, i.e., when the ferritic steel 
begins to transform into austenite. Considerably less 
migration across the bond occurs above the critical 
temperature where the ferritie member of the joint has 
begun to transform into austenite. For example, 
carbon migration could not be detected in a dissimilar- 
metal joint consisting of a 2' ,Cr-1Mo base steel and 
an 18-8-Cb (Cr-Ni-Cb) weld deposit after the joint 
had been heated at 1650° F. (900° C.) for 1 hr. and 
quenched in oil.” At still higher temperatures, where 
both members of the weld joint have the same matrix 
phase, the rate of diffusion across the bond is primarily 
a function of composition and temperature.” Thus 
after 1 hr. at 1900° F. (1040° C.) the above-mentioned 
dissimilar-metal joint would be likely to show again 
noticeable carbon migration from the 2! /,Cr-1Mo steel 
to the 18-8-Cb (Cr-Ni-Cb) austenitic stainless-steel 


weld deposit. 


Vetallurgical Structure 


\s noted above, the matrix structure exerts a con- 
siderable influence upon the rate of carbon migration.“ 
When a weldment consists of two different metallurgical 
structures such as austenite and martensite or ferrite, 
the rate of carbon diffusion is more rapid than if 
two ferritic members or two austenitic members were 
joined together.” The reason is believed to be that 
carbon is considerably more soluble in austenite than in 
ferrite and that the precipitation of carbides in the 
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stainless steel sets up a carbon gradient. Thus, when a 
weldment containing austenite and ferrite is heated in a 
temperature range in which carbon will diffuse through 
the ferrite, this greater solubility of carbon in austenite, 
the lower “free’’ carbon content in the austenite, 
and the greater amount of carbide forming elements in 
the austenite draw the carbon to the bond of the dis- 
similar-metal weld.* From this point the carbon may 
diffuse into the austenitic alloy, usually by way of the 
grain boundaries.” 

Although the most rapid rates of migration are ex- 
perienced when the members of the weldment are of 
different phase structure, carbon will migrate between 
materials of the same structure but of different com- 
position.” 


Chemical Composition 


Chemical composition is another factor which in- 
fluences the migration of carbon. Its effects depend 
upon carbon solubility, carbide formation and stability, 
and the diffusibility of carbon in austenite and ferrite.‘ 


* When the “‘free’’ carbon content and the presence of carbide-forming 
elements is greater in the ferrite phase, carbon tends to diffuse from the 
austenite to the ferrite areas. Thus, in austenitic stainless steels containing 
high-temperature ferrite carbon diffuses from the austenite to the chromiurn- 
enriched ferrite patches.%.!% 


BOND 


The carbon solubility of an austenitic weld metal 
varies with alloy content. For example, nickel tends 
to lower the solubility and diffusibility of carbon in 
alloy steels. Thus, in a 2'/,Cr-1Mo steel welded with a 
25-20 (Cr-Ni) electrode, the rate of migration in the 
weld metal is less than in a similar weld made with a 
25-12 (Cr-Ni) electrode and given the same heat 
treatment.” 

The migration of carbon can also be minimized or 
even eliminated by the addition of carbide-stabilizing 
elements such as Cb, Fi, and V, to the ferritic steel.” 
Another method which reduces carbon diffusion is 
provided by the addition of manganese or nickel to the 
ferritic steel.“ These elements appear to decrease 
the ability of carbon to diffuse through the ferrite 
phase. 

In a weldment with two ferritic members, carbon will 
migrate if the materials have a different carbon content 
and are not balanced with respect to carbide-forming 
elements. Thus carbon diffusion generally occurs 
from the alloy of lower chromium content to the one of 
higher chromium content. Some examples obtained 
by Wylie® are given in Table 6. 

The addition of elements such as silicon, nickel, and 
manganese to the weld metals listed in Table 6 may re- 
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Fig. 18 Knoop microhardness determinations across transition zone of dissimilar-metal weld specimen heated for 
48 hr. at 1300° F. (705° C.)* 
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Table 6— Direction of Carbon Migration in Dissimilar- 
Metal Joints Between Ferritic Alloy Steels@ 


Carbon 
migration 


Weld metal direction Base material 
5Cr —'/,Mo 2'/,Cr 1Mo 
21/,Cr —1Mo (0.03 2'/,Cr— 1Mo (0.08 C) 
7Cr-—! lo 1Mo 
9Cr - 1Mo 2!/,Cr- 1Mo 
12 Cr 2'/,Cr 1Mo 
16 Cr 2'/,Cr—- 1Mo 
28 Cr 2'/,Cr 1Mo 
21/,Cr 1Mo (Cb) 21/,Cr 1Mo 
2'/,Cr - 3Mo 2'/.Cr-1Mo 
2'/,Cr 1Mo (W) _ 2'/,Cr- 1Mo 
2'/,Cr - 1Mo (V) 2' ,Cr—1Mo 
18-8 (Cr-Ni _ 2'/,Cr - 1Mo 
25-12 (Cr-Ni _ 2'/,Cr -1Mo 
25-20 (Cr-Ni) 2'/,Cr —-1Mo 


duce the tendency for and the degree of carbon migration 
by decreasing the solubility of carbon in the ferrite 
and, possibly, by decreasing the rate of diffusion.” 

As already mentioned, carbon migration can also 
occur between two austenitic materials of different 
chemical analyses.“ For example, an 18-8—Cb (Cr- 
Ni-Cb) clad carbon steel* was heated at 1900° F. 
(1040° C.) for 1 hr. and cooled rapidly. At this tem- 
perature both the stainless cladding and the carbon base 
steel were austenitic. Considerable migration occurred 
into the 18-8—Cb (Cr-Ni-Cb) cladding.” 


Effect of Time at Temperature 


Time at temperature is another factor. At 1050° F. 
(565° C.) noticeable carbon migration will occur in 500 
to 1000 hr. from a 2'/,Cr-1Mo base steel to an 18-8—Cb 
(Cr-Ni-Cb) weld metal. At 1350° F. (730° C.) ear- 
bon migration in the same joint will be as severe in as 
little as 10 to 15 minutes.” However, the resulting 
carbide distribution on the stainless steel side of the 
bond will vary. Thus, at the lower temperatures very 
little carbon will diffuse within the austenite so that a 
heavy band of carbides is present at the bond. At 
1350° F. (730° C.) the rate of diffusion of carbon 
within the austenite is nearly equal to the rate of dif- 
fusion of carbon from the ferrite across the bond and a 
considerably smaller quantity of carbides is formed at 
the bond. Suitable etching procedures show readily 
that diffusion within the austenite has primarily oc- 
curred into the steel along the grain boundaries.” 

At the temperatures where the rate of migration from 
the ferrite across the bond exceeds the rate of diffusion 
of carbon within the austenite, for example, at 1100° F. 
(595° C.) from a 2!/,Cr—-1 Mo base steel into an 18-8—-Cb 
(Cr-Ni-Cb) weld deposit, an equilibrium carbon con- 
tent is eventually reached at the bond. On further 
heating it is believed that sufficient carbon will diffuse 
from the unaffected ferritic base steel into the carbon 
depleted zone of the base steel so that eventually there 
may be no diseernible depleted zone in the ferritic 


stee 


* More detailed results on carbon diffusion in clad stainless steels are 
given in a subsequent review. 
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Stress 


Stress at temperature also effects the rate of carbon 
migration. Although difficult to evaluate, the effect 
of stress has been observed in the amount of migration 
which has occurred in rotating-beam fatigue specimens 
as compared with results on unstressed specimens 
heated in an electric furnace.“ It is well known that 
stress accelerates other diffusion phenomena such as 
carbide precipitation and sigma phase formation, so it 
should be expected that the same action would occur in 
carbon migration.” 


Carbide Precipitation 


Carbon diffusion into the stainless weld metal favors 
intergranular carbide precipitation. In unstabilized 
grades chromium carbides are primarily formed, in the 
stabilized alloys columbium, tantalum, or titanium 
carbides are formed. Although this carbide precipita- 
tion lowers the strength of the stainless-steel weldment 
at the dissimilar-metal joint, it leads to actual failure 
only in severe service applications. However, when 
cracks have formed along the bond between the base 
steel and the stainless weld metal, cracks may continue 
intergranularly into the stainless weld metal if inter- 
granular carbides have weakened the weld metal. This 
seems to be particularly true in 18-8 (Cr-Ni) weld metal. 

In the 19-9—-Cb (Cr-Ni-Cb) alloys carbon migration 
and subsequent precipitation of columbium carbides is 
sometimes responsible for a wide band of martensite” 
along the bond. This may be due to an unbalancing 
of the stability of the austenite. 

Shot peening has been found to increase the pro- 
pensity to failure in 25-20 (Cr-Ni) welds in which 
chromium carbides had been precipitated.** 


Graphitization 


Recent studies by various investigators have shown 
that certain types of mild and low-alloy steels, during 
are welding, may form a narrow band of unstable car- 
bide. This band usually appears at the extremity of 
the heat-affected zone in the region where the tempera- 
ture resulting from the welding operation reached ap- 
proximately 1300 to 1400° F. (705 to 760° C.).22. Dur- 
ing prolonged heating between 800 to 1200° F. (425 
to 650° C.), the unstable carbide may decompose te 
form graphite. The graphite, when it appears in a 
chain-like pattern, produces a zone of weakness through 
the joint which may result in a rupture of the joint.** 
On the other hand, well-dispersed individual graphite 
particles are less detrimental’! and, in the absence of 
other factors, have not been responsible for actual 
failures. However, when stresses are present, the 
presence, of dispersed graphite particles is likely to re- 
duce the stress-to-rupture strength of the dissimilar 
metal joint. 

Graphitization in dispersed or in chain-like patterns 
has been most commonly observed in aluminum-killed 
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mild steels and in aluminum-killed carbon-molybdenum 
alloy steels.?? 

Some authors believe that chain graphitization in the 
heat-affected zone of susceptible steels may be pre- 


vented by the use of austenitic stainless-steel elec- 
trodes.**? Thus they feel that the beneficial effects of 
the austenitic weld metal are due to its tendency to 
absorb carbon from the heat-affected zone of the base 
steel.2?. This, however, seems doubtful since the weld 
metal is at a considerable distance from the zone of 
graphitization. 

Studies on the nature and effects of graphitization 
which are now being conducted in various research 
laboratories should provide a great deal of additional 
information on the effects of the different forms of 
graphite upon the properties of dissimilar-metal joints. 


FAILURES IN DISSIMILAR-METAL JOINTS 


In most applications dissimilar-metal weldments have 
given satisfactory service. Cases of failure are few 
and are not always well documented so that there 
is much speculation as to the quality of the original 
weld deposits.""' Many weldments which may appear 
satisfactory in a superficial examination contain small 
defects and microcracks which may be opened up and 
propagated in service by thermal or mechanical fatigue 
stresses. Sykes,"’' for example, found that in some 
laboratory thermal-fatigue tests, where there was no 
externally applied load, some internal defects opened to 
the surface after the first 100 to 200 cycles of heating to 
and cooling from about 1110° F. (600° C.). Although 
the specimens did not actually fail, there was no doubt 
that more severe testing or service conditions would 
have resulted in failure which could be attributed to 
initially unsound welds.'°! 

These observations emphasize the importance of a 
vigorous examination of each weldment. Since weld 
inspection in the field is generally difficult, it is often 
preferred practice to weld the dissimilar-metal joint as a 
separate unit under the best shop conditions so that full 
inspection can be carried out before installation. 
Where this is possible, the extra field welding involved 
may be justified, since this latter welding does not 
need to be concerned with dissimilar-metal weld- 
ments."*' The necessity of such procedures, of course, 
would depend upon the required quality of the dis- 
similar-metal weldment. Obviously, defects in the 
weld seams of pressure vessels or piping may result in 
serious failures during service. 

Failures or cracks in dissimilar-metal joints may occur 
either in the base metal or in the weld metal. Cracks 
which appear in any one of these zones are usually 
ascribed to one or several different causes such as in- 
herent defects in the material, improper welding tech- 
nique, hydrogen embrittlement, thermal or mechanical 
fatigue, intergranular carbide precipitation, stress- 
Failure itself is the result of (1) 
crack formation and (2) crack propagation. 

Cracking, when the result of welding, is usually 


corrosion, creep, ete. 
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distinguished as “hot’’ or “cold’’ cracking. ‘Hot’ 
cracking generally occurs at elevated temperatures in 
the weld metal while it is cooling. “Cold” cracking is 
most common in the heat-affected zone of the base 
steel. It usually occurs after the welded section has 
cooled to atmospheric temperatures and frequently 
takes hours or days to propagate into visible cracks. 


Base-Metal Cracking 


Base-metal cracks are those cracks which, as a result 
of welding, occur either in the unaffected or in the heat- 
affected zone of the base steel. Cracks in the latter 
zone are also commonly known as underbead cracks. 
Base-metal cracking may be due to defects in the base 
steel itself and/or to certain effects caused by the 
welding operation. Stresses in the dissimilar-metal 
joint may further enhance susceptibility to cracking 
in the heat-affected zone. Base-metal cracking may 
oceur during cooling when the weldment is still at 
elevated temperatures or after it has cooled down to 
atmospheric temperatures. 

Base-metal cracking in mild steel is rather uncom- 
mon. ° When it occurs it can generally be ascribed to 
poor steel quality where the stresses produced by the 
dissimilar-metal joint have caused cracking along the 
laminations or segregations of non-metallic inclusions 
in the base steel.® 

Base-metal cracks are more common in hardenable 
steels, particularly in the heat-affected zone. When 
they occur, they are generally initiated by the forma- 
tion of small cracks in the martensite and are often 
extended and propagated into major cracks. This 
type of crack formation is usually referred to as cold 
cracking since it occurs some time after the welded 
section has cooled down to atmospheric tempera- 
tures. * Actually, a two-stage cracking process has 
% The first stage which on a nickel- 
chromium-molybdenum steel containing: 


been observed.” 


developed relatively slowly was followed, after about 10 
min., by a rapid, almost instantaneous, extension into a 
major crack. 

The crack sensitivity in hardenable steels may well 
be related to a combination of factors such as the low 
ductility of the martensite of the base steel, serious 
micro- and macrostresses, and the presence of hydro- 
gen.'® 49, 88—90 

Although a fully martensitic heat-affected zone is 
often regarded as brittle, in the absence of welding 
cracks or non-metallic segregations which produce 
stress concentrations, failure does not necessarily in- 
itiate in this high-strength structure, particularly if the 
carbon content islow. Furthermore, the slight temper- 
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ing of subsequent beads in multipass welds greatly 
improves the impact resistance of martensitic structures. 
Unlike pearlitic and bainitic structures, tempered 
martensitic structures show no abrupt decrease in 
toughness as the severity of impact is increased.* 

Increases in carbon content tend to increase sus- 
ceptibility to base-metal cracking. Steel with a car- 
bon content above 0.45% is quite susceptible to crack- 
ing.© However, suitable preheat and postheat treat- 
ments may minimize the cracking propensity of such 
materials by influencing the transformation character- 
istic of the steel and, possibly, by reducing shrinkage 
stresses. A high-carbon content in the base steel is 
also undesirable when the dissimilar-metal joint is heat 
treated or exposed at temperatures at which carbon 
migration readily occurs from the base steel into the 
stainless-steel weld metal. 

Generally, cracking in the heat-affected zone (base- 
metal cracks) of hardenable steel is prevented or mini- 
mized by preheating at suitable temperatures the sec- 
tion which is to be welded. The recommended pre- 
heating temperatures primarily depend upon the com- 
position of the base steel and, to a lesser extent, on the 
welding process and procedure. The preheat treat- 
ments generally prevent martensite formation by allow- 
ing the austenite to transform at a higher temperature 
and produce such products as lower bainite, upper 
bainite, ferrite, pearlite, etc 

In welding hardenable base steels, the effects of 
welding on the heat-affected zone may be somewhat 
minimized by keeping the heat input to a minimum, 
that is, by using stringer beads instead of weaving tech- 
niques and by maintaining a low-interpass temperature.® 
However, when in welding plates of medium thickness, 
the deposition of several weld beads becomes preferred 
practice, the welding procedure shown in Fig. 19 is 
considerably more successful than welding stringer 
beads and finishing up at one edge of the groove.” 
In this so-called annealing-bead technique each bead 
will postheat the previous bead and preheat the subse- 
quent bead. Buttering the groove faces with 25-20 
or 25-12 (Cr-Ni) electrodes of small diameter also 
minimizes underbead cracking because it minimizes 
the width of the heat-affected zone and tends to temper 
the martensite produced by each previous deposit. 
The weld may be completed with suitable stainless- 
steel electrodes of relatively large diameter. How- 
ever, in welding heavy sections of hardenable steels, 
when preheat treatments are possible, it is preferred to 
use large electrodes, high currents and preheat tempera- 
tures between 600 and 900° F. (315 and 480° C.).% 
When preheat treatments are not possible a buttering 
procedure with small diameter electrodes seems to be 
favored by most investigators. 

Actual failures in the heat-affected zone of the dis- 
similar-metal joint which occur during service can be 
generally related to the initial presence of base-metal 
Mechanical 
and thermal stresses, fatigue, etc., may propagate these 
cracks until failure occurs. 


cracks acting as notches (stress raisers). 
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However, service failures can also be related to the 
presence of initial structural weaknesses (not actual 
cracks) in the dissimilar-metal joints such as a decar- 
burized zone in the ferritic base steel, graphitization, 
etc. Although these weaknesses are generally not as 
severe as actual cracks, stresses of sufficiently high 
In most 
dissimilar-metal joints these types of heat-affected 


magnitude may lead to cracking and failure 


zone failures are generally associated with service 
failures. For example, decarburization of part of the 
heat-affected zone adjacent to the bond becomes ef- 
fective only after a sufficiently long exposure at elevated 
temperatures. Such failures may also be observed 
when a weakened dissimilar-metal joint experiences 
thermal‘ or mechanical fatigue of such magnitude that 
cracking is initiated and/or propagated. Thus in 
service at elevated temperatures above about 1050° F. 
(565° C.) base-metal failures may occur in the de 
carburized base metal as a result of stress oxidation 
and the low stress-rupture properties of this zone.”* * 

\s long as the welding operation itself has not pro- 
duced initial cracking Herres and Turkalo® believe that 
heat-affected zone failures under shock loading condi- 
tions of welded sections are reduced by increasing the 
amount of alloying elements which cause hardenability. 
According to Herres'® the toughness of a martensitic 
heat-affected zone, particularly when it has been tem- 
pered by subsequent welding passes, is much better 
than that of a heat-affected zone which contains high- 
temperature transformation products such as pearlite, 
upper bainite or acicular ferrite. Depending on the 
welding conditions and the rate of cooling of the heat- 
affected zone, it may be necessary to use a base steel of 
higher alloy content to obtain the desired structure 
However, this is only necessary in weldments designed 
to withstand heavy shock.'* Generally this procedure 
is uneconomical’ and does not represent industrial prac- 


tice 


W eld-Metal Cracking 


Weld-metal cracks are the most common and serious 
defects which may occur in dissimilar-metal joints be- 
tween a ferritic base steel and an austenitic stainless- 
steel weld metal. : 

It was pointed out earlier that the weld metal con- 
Actual 
distinction between these two zones is not easily made 


sists of a fusion zone and a bead metal zone. 
since they blend into each other. Thus, in a single bead 
deposit uniform dilution may have caused both zones 
Neverthe- 


less, the metallurgical and physical properties of that 


to be essentially of the same composition 


area of the fusion zone which is adjacent to the bond 
often differ somewhat from the balance of the weld 
metal. For example, this relatively narrow area in the 
stainless-steel weld metal may exhibit a hardened zone 
caused by alloying, martensite formation, or carbide 
precipitation. Internal stresses resulting from different 
thermal expansion characteristics may also cause hard- 
ening and affect the properties of the weld metal in this 


area. 
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Many investigators believe that weld-metal failures 
can be prevented by lining (buttering) the groove faces 
of the base steel with 25-20 (Cr-Ni) weld metal similar 
to the procedure shown in Fig. 12.** ** The balance of 
the weld is then completed with either 25-20, 25-12, or 
18-8 (Cr-Ni) weld metal, the first being more com- 
monly used. There are many other investigators who 
feel that this buttering procedure produces weldments 
which are somewhat inferior to weldments made with 
other welding alloys and a welding procedure similar to 
the one shown in Fig. 19.% For example, the use of the 
recently developed 29-9 (Cr-Ni) electrodes has pro- 
duced dissimilar-metal weldments which have often 
given excellent performance—particularly in joints ex- 
hibiting high restraint. 


Figure 19 


Most weld-metal cracks originate in a narrow area of 
the fusion zone which is adjacent to the bond. Because 
cracking may be caused by a number of factors, differ- 
entiation may be made among four types of weld-metal 
failures: (1) bond failures between the fusion zone of 
the root bead and the heat-affected zone of the base 
steel, (2) martensite transition-zone cracking, (3) failure 
in the weld metal just outside the hardened-transition 
zone, and (4) failure within the bulk of the weld metal. 

Bond failures generally are primarily related to im- 
proper welding technique or design of the welded joint. 
Thus slag inclusions, porosity, lack of fusion, ete., may 
“ause poor adhesion between the base steel and weld 
deposit. Poor design is usually due to a weld joint 
geometry which leaves a high stress concentration at 
the junction of the weld metal and the base metal. As 
Herres and Turkalo® pointed out, too narrow a root gap 
may start bond failures at the root of the weld. 

Bond failures are more common in 18-8 (Cr-Ni) 
multibead weld deposits than in 25-20 or 25-12 (Cr-Ni) 
weld deposits,** particularly on heavy sections. 

When martensite transition-zone cracking occurs it can 
generally be ascribed to the nature of the narrow mar- 
tensitic transition zone in certain types of weld metal 
adjacent to the bond and to the action of internal trans- 
formation stresses, hydrogen embrittlement, and/or 
shrinkage stresses which are particularly severe in highly 
restrained joints.® 

Susceptibility to cracking in this zone may be mini- 
mized by (1) minimizing or preventing martensite 
formation by an increase of the nickel and/or mangan- 
ese content of the electrode* or by preheating, (2) 


* Since electrode compositions are very critical, this statement applied to 
well-balanced electrodes producing sound weld metal; i.e., weld metal which 
is not susceptible to hot cracking. 


56-s Thielsch—Stainless Weld Metal 


minimizing the factors which cause shrinkage stresses, 
and (3) decreasing the moisture content in the elec- 
trode coating which, in turn, reduces the amount of hy- 
drogen absorbed by the weld metal and available for 
embrittlement. Thus by using dry electrodes of 
suitable composition in welding highly restrained joints, 
hardened zone cracking is generally avoided. Since the 
fully austenitic 25-20 (Cr-Ni) weld metal is itself rela- 
tively susceptible to hot cracking, it has been preferred 
practice in welding highly restrained joints on heavy 
sections of hardenable low-alloy steels to deposit 29-9 
or 25-12 (Cr-Ni) weld metal. However, 25-20 (Cr- 
Ni) electrodes can be considered to be suitable when the 
dilution is of such an extent that the resulting weld 
metal will exhibit a partially ferritic structure. 
Weld-metal failures just outside the martensite transi- 
tion zone (when such a zone is present) are usually re- 
lated to dilution, carbon and other alloy diffusion from 
the base steel, intergranular carbide precipitation, and 
other metallurgical changes associated with dissimilar- 
metal welding and joints. The additional high stresses 
which may exist in the dissimilar-metal joint and 
thermal fatigue may cause or propagate cracks 
along the existing structural inhomogeneities. For 
example, the crack shown in Fig. 20 was the result of 
thermal fatigue effects produced by multipass welding 
of 1'/.-in. hardenable alloy steel plate.”* Each suc- 
cessive bead produced thermal fatigue stresses which 


Weld metal 


Base steel 


Fig. 20 Weld-metal failure in manganese-bearing 19-9 
(Cr-Ni) austenitic stainless-steel weld metal parallel to 
Magnification 275 
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propagated an initial root crack by continuing the crack 
through the hardened weld metal parallel to the bond. 
This type of failure is not uncommon to fabricators of 
heavy weldments where conditions of high restraint 
exist. The cracking shown in Fig. 20 has been cireum- 
vented by the use of special welding techniques such 
as buttering.”* 

Although these types of failures are relatively un- 
common in plates up to a thickness of '/, in., they 
can often be related to intergranular carbide precipita- 
tion and to the presence of high triaxial stresses 
in the weld® which may be further aggravated by 
mechanical or thermal fatigue. The 18-8 (Cr-Ni) 
deposit on hardenable low-alloy steels seem to be 
particularly susceptible. Thus tensile test bars through 
18-8 (Cr-Ni) welds on hardenable low-alloys steels be- 
came quite brittle in the fusion zone of the weld after 
exposure to temperatures at which carbide precipita- 
tion occurred. The results are illustrated in Fig. 21 and 
show that heating for 10 min. at temperatures between 
1380 and 1790° F. (750 and 975° C.) reduced elongation 
(in 1 in.) from about 40° to about 4 to 10%.* The 
breaking strength was obtained by dividing the tensile 


strength (which remained constant at about 78,000 


psi.) by the final cross-sectional area of the specimen. 
Weld deposits made from 25-20 (Cr-Ni) electrodes did 
not exhibit this type of embrittlement in the fusion 


zone. 

Although the fusion-zone cracks generally originate 
in the bond, they are sometimes found to deviate 
sharply into the austenitic weld metal of 18-8 (Cr-Ni) 
weld deposits on alloy steels where they usually follow 
the grain boundaries. Small cracks usually branch out 
from these main cracks. They are also intercrystalline 
and are believed to be related to intergranular carbide 
precipitation. 

Weld-metal cracking away from the actual fusion 
zone generally is a characteristic of the austenitic weld 
metal. The major factors which cause or influence this 
type of cracking have already been discussed.? It 


should be emphasized however that since, in dissimilar- 
metal joints, the residual stresses are generally of 


* Sigma-phase precipitation instead of carbides may actually have been 
responsible for these failures.” 
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Fig. 21 Brittle-temperature range in 18-8 (Cr-Ni) weld 
metal® 
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greater magnitude than they are in similar metal joints, 
greater care has to be taken to produce satisfactory 
weld deposits in dissimilar-metal joints. Since fully 
austenitic weld metal, such as 25-20 (Cr-Ni), is rela- 
tively susceptible to hot cracking between 1470 and 
2010° F. (800 and 1100° C.), the partially ferritic 29-9 
or 25-12 (Cr-Ni) grades are often preferred 


particu- 
larly in heavy sections which offer high restraint. In 
Europe fully austenitic 18-8-6 (Cr-Ni-Mn) electrodes 
have found considerable use since the weld metal 
from these electrodes is also less susceptible to hot 


cracking. 1% 
The root deposits in butt welds in mild- or alloy-steel 


base plates are particularly prone to cracking. In 
The first 
consists of a longitudinal type of crack extending from 
the top of the root bead toward the base of the bead. 


these, two types of cracks may be observed. 


This crack is most common in partially ferritie deposits 
but may occur also in fully austenitic weld metal. The 
second type of crack usually is multidirectional and fol- 
It is found 


lows the grain boundaries of the dendrites 
in martensitic alloy and chromium stainless-steel weld 
deposits and in fully austenitic stainless-steel weld de- 
A typical example of the latter type of crack 
in the root pass of a fully austenitie 25-20 (Cr-Ni) weld 


posits.” 


made in a 7Cr-0.5Mo steel pipe is illustrated in Fig 
22.” Partially ferritic type 18-8 or 25-12 (Cr-Ni) 
weld deposits do not exhibit these multidirectional 
cracks 

Weld-metal cracking may be minimized by using 
electrodes which produce partially ferritie weld metal, 


by back stepping™ and by buttering. Preheating may 


also be beneficial as are slower cooling rates. 


HARDENABLE STEELS 


The development of low-alloy, high-strength, con- 
structional steels and of low-alloy, armor-plate steels 


Base steel eld metal 


Fig. 22 Intergranular cracking in root deposit from 25-20 
(Cr-Ni) stainless-steel electrode made in a 7Cr-'/,Mo alloy 
steel pipe.“ Magnification 25 X. Etchant: mixed acids 
in glycerol 
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in the years preceding the Second World War was re- 
sponsible for various investigations on the weldability 
of these materials. Initial studies with different types 
of low-alloy, high-strength electrodes produced weld 
deposits which were highly susceptible to cold cracking. 
The cracks usually occurred in the heat-affected zone or 
in the bond.™ % According to present hypotheses, 
most of these failures appear to be related to the hy- 
drogen content in the electrode coatings. 7 The 
hydrogen seems to act as a contributory factor to other 
causes such as the presence of multiaxial shrinkage 
stresses, the formation of hard brittle zones, the austen- 
ite-ferrite or austenite-martensite transformation, ete. 
The elimination of hydrogen greatly reduced the 
tendency for failure in armor-plate weldments®™ 7 and 
in other hardenable low-alloy steels.” 

Until recently, the dangers of embrittlement caused 
by the presence of hydrogen had been minimized by the 
use of suitable austenitic stainless-steel electrodes and 
welding procedures. However, at the present time, 
low-hydrogen, low-alloy steel electrodes are being de- 
veloped and produced which are suitable for the weld- 
ing of many hardenable and armor-plate steels. 


Austenitic Electrodes 


In the years preceding the Second World War, the 
hardenable low-alloy and armor-plate steels generally 
were welded with suitable austenitic stainless electrodes 

usually of the 18-8 (Cr-Ni) type.® 2% 51-53, 57, 60, 
63, 6-6? One of the major advantages of the austenitic 
electrodes was that the weldments usually did not re- 
quire preheat or postheat treatments which had gener- 
ally been necessary when the weldments were made 
with low-alloy steel electrodes. This may be impor- 
tant, since in the final assembly of armorweldments, pre- 
heating is often inadvisable because the welder must 
work inside the structure.” 

However, there are additional factors which explain 
why most of the early low-alloy steel weldments were 
extremely crack sensitive—even when preheat treat- 
ments were employed. The hydrogen hypothesis also 
seems to offer the major explanation why austenitic 
stainless electrodes produced better weld deposits on 
armor plates than the ordinary mild or low-alloy steel 
electrodes did. The facts, that dry lime-coated elec- 
trodes contain a minimum amount of hydrogen? and 
that austenite may safely contain a larger quantity of 
hydrogen than ferrite or martensite, are the major ex- 
planations for the advantages of austenitic deposits.” 
In addition, the presence of large amounts of CO, in the 
are stream, which preclude the existence of hydrogen, 
should also be considered.” 

Since fully austenitic weld deposits from chromium- 
nickel stainless-steel electrodes are susceptible to root- 
bead cracking, particularly with the high restraint 
present in dissimilar-metal weldments, it soon became 
apparent that for best results some ferrite should be 
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developed* in the austenitic weld-metal struc- 
ture.) 1 % 41° Further advantages seem to be 
obtained by the addition of molybdenum to 18-8 
(Cr-Ni) type compositions in which the chromium- 
nickel content was adjusted to give over 5% ferrite in 
the as-welded deposit. Molybdenum minimizes hot 
cracking in the center of the weld bead. 

The presence of a few per cent of manganese in the 
stainless-steel electrode has also been found to reduce 
crack sensitivity of the weldment. ‘To some extent the 
beneficial effects of manganese are believed to be due to 
the fact that manganese minimizes the transformation 
of austenite which is caused by dilution’; i.e., the 
formation of a hard fusion zone. This may explain 
why the U. 8S. Army Specification 57-203-3"' requires 
the presence of 1.6 to 4.75°% manganese in austenitic 
stainless-steel electrodes. Nevertheless in highly re- 
strained joints manganese does not inhibit but merely 
delays the formation of (cold) cracks over a period of time 
which depends on the minimum temperature reached 
during that period.”* Cracking has occurred as late as 
30 days after completion of the weld. 

Manganese seems to inhibit the sensitivity of undi- 
luted austenitic weld metal to hot cracking. For ex- 
ampie, fully austenitic stainless-steel weld deposits, when 
containing several per cent of manganese, have been 
found to be fully resistant to hot cracking. For these 
reasons the Germans used an electrode during World War 
II to weld their hardenable armor plate steels which 
contained about 0.10 to 0.20°% carbon, 18°% chromium, 
8% nickel and 6°% manganese. Weld deposits from this 
electrode showed excellent resistance to hot cracking in 
severe hot-cracking tests.°° Moreover, all-weld-metal 
tensile specimens from these 18-8-6 (Cr-Ni-Mn) elec- 
trodes showed elongations of about 45°%.' So far it 
has not been clearly established why the fully austenitic 
manganese-bearing stainless-steel weld deposits do not 
seem to be susceptible to hot cracking, since it is well 
known that manganese-free fully austenitic weld metal 
is crack sensitive particularly under highly restrained 
welding conditions. Kauhausen™ suggests that the 
differences may be related to the residual sulphur con- 
tent present in the weld metal. 

In chromium-nickel stainless steels the sulphide 
tends to form a nickel-sulphide which has a melting 
point at 1450° F. (790° C.) and, as such, promotes hot 
cracking.t— In the presence of several per cent of 
manganese, Kauhausen' believes that a manganese 
sulphide is formed which has its melting point at 2930° 
F. (1610° C.). For this reason several German 25-20 
(Cr-Ni) electrode grades are alloyed with up to 2.5% 
manganese. A higher manganese content would be un- 
desirable because of a tendency to reduce heat resist- 
ance. '% 

Dilution and the formation of a hard fusion zone has 
also been minimized by making an initial 25-20 (Cr-Ni) 


* Since in service applications above 900° F. (480° C.) the presence of 
ferrite enhances sigma phase formation the advantage of the partially ferritic 


electrodes in weldments for high-temperature service may be questional ».'°° 
t+ Other theories proposed to explain hot-cracking in fully austenitic weld 
metal have been summarized in an earlier review.? 
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deposit and following it by depositing 25-20, 25~12, or 
18-8 (Cr-Ni) weld metal. However, since welding 
with different types of electrodes is undesirable, the use 
of molybdenum, and, or manganese-bearing, partially 
ferritic stainless-steel electrodes is generally preferred 
practice. 

Large electrodes are preferred not only because they 
offer production advantages, but also because weld- 
ability is improved.*| ® This is primarily due to the 
increased rate of heat input and the resultant lowering 
of the cooling rate. Thus '/,-in. diameter austenitic 
electrodes have been successfully used in the hand weld- 
ing of butt welds on cast armor plates.® Ordinarily, 
however, electrodes above a diameter of '/, in. are 
rarely commercially used in hand welding. Electrodes 
of diameters above '/, in. may be used in automatic or 
semiautomatic welding procedures. 

The maximum permissible carbon content of the 
armor plate, for satisfactory welding with austenitic 
electrodes, is about 0.35°% carbon. Plates with carbon 
contents above 0.35°, and up to 0.46°% can only be 
welded with preheating to 210 to 300° F. (100 to 150 
C.) and special techniques.” 7 Steels with a higher 
carbon content were found to be extremely difficult to 
weld satisfactorily. The other alloying elements are 
effective in that, generally, the greater the harden- 
ability of the steel the greater is its susceptibility to 
cracking.* 

Ballistic tests on austenitic stainless weldments on 
armor-plate steels showed the stainless weld metal to be 
of lower strength than the armor-plate steel. In this 
respect, 25-20 (Cr-Ni) weld metal proved to be weaker 
than 18-8 (Cr-Ni) weld metal.*? Thus 18-8 (Cr-Ni) 
electrodes seem to have been most commonly used in 
armor-plate weldments.** The initial practice of finish- 
ing off the stainless weld deposits with a few layers of 
hard-facing alloys proved to be undesirable because of a 
high cracking propensity.*? Instead it became pre- 
ferred practice to build up the weld reinforcement to a 
greater thickness than the plate in order to compensate 


for the relative weakness of the austenitic material.** 


Welding Procedure 


The joint designs, which are most suited to the pro- 
duction of metal-are welds on a hardenable steel free 
from defects, are those which provide a sufficiently 
wide root opening for the first layer so that root fusion 
may be obtained.” Single V- or double V-joints 
generally are most economical to prepare. For the 
single V-joint a temporary backing strip is used to pro- 
vide an adequate root opening, whereas for the double 
V-joints several types of backing have been successfully 
used. One of these joints uses a temporary coppet 
backing bar which is usually shaped to the same angle 
as the groove, but need not be as wide as the root 
opening.” The copper bar acts as a chill for the first 
layer of weld metal. The weld casts against the bar 
without fusing to it. Instead of using a copper bar, an 
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18-8 (Cr-Ni) steel strip by in. in cross section 


may be welded to the root faces of the double V-joint 


of each plate.” This in turn acts as a backing for the 
welds. A curved edge is preferable to a square edge on 
this backing strip, so that the joints between the back- 
ing and the plates may be made without leaving con- 
tinuous lines of “lack of fusion’ at these locations.” 
Chipping or grinding is generally not required in these 
two types of double V-joints. Other procedures may 
also give satisfactory joints.” 

Various methods have been successfully used in the 
deposition of austenitic weld metal on hardenable low- 
alloy steels. However, best results in welding V- and 
double V-joints with wide root spacing and backing are 
obtained by depositing the first laver by a backstepping 
technique by means of two beads of weld metal, the 


4 


second bead overlapping the first.2* In the case of the 
double V-joint, the first layer on the second side is 
generally deposited before the subsequent layers on the 
first side are completed.” Aborn, Hiemke, and Stitt” 
also mentioned that the first four passes may be alter- 
nated on the two sides of double V-joints. However, 
in no case should more than four passes be completed 
on the first side before the initial pass on the second side 
is deposited.” In very heavy sections, a block or pyr- 
amid technique seems to be best in order to avoid 
cracking and to control distortion.” 

Crater cracks which may form in austenitic weld de- 
posits should be ground out before depositing subse- 
quent beads.” Moreover, in the case of an improperly 
formed bead, it may be necessary to remove a slag line 
or a line of incomplete fusion at the side wall. Be- 
cause of martensite formation in the hardenable steel, 
this removal of the “incomplete fusion line’ generally 
necessitates grinding rather than chipping.” Grinding 
is also required in the case of a double V-weld in which a 
narrow root opening without backing is employed, in 
order to remove icicles and slag before depositing weld 


metal on the second side. 


STAINLESS STEELS 
fustenitic Stainless Steels 


Ordinarily, austenitic-stainless steels are welded with 
electrodes in which the chromium-nickel content is simi- 
lar to that of the base metal.’ ? In a few instances, 
however, electrodes have been suggested in which the 
chromium-nickel content of the austenitic base steel 
varied considerably from that of the electrode 

Emerson and Morrow,’ for example, reported detailed 
results on the use of 29-9-Cb (Cr-Ni-Cb) electrodes in 
submerged-are welding of Type 347 19-9-Cb (Cr-Ni- 
Cb) stainless pipes. This highly alloyed submerged- 
are welding wire seems applicable only in welded struc- 
tures which are used in the as-welded state, particu- 
larly when the conditions are such that considerable 
dilution occurs between the 29-9-Cb weld metal and 


the 18-8—Cb base steel.?! Such welds seem to be some- 


59-s 


3 
+ 


what less susceptible to cracking! than if they had been 
made with 19-9-Cb electrodes. 


Ferritic Chromium Stainless Steels 


The ferritic chromium stainless steels are generally 
welded with austenitic stainless electrodes. The weld- 
ing metallurgy of these alloys based on studies by 
Eberle,** Fowler,** and others has already been 
discussed.* 


CORROSION 


Stainless weldments on boiler-plate steels will not be 
detrimentally affected in the usual boiler application. 
Galvanic effects do not have to be considered between 
ordinary stainless weld metals and the boiler-plate 
steel.” 

However, there are other applications where galvanic 
corrosion must be considered. For example, in a paper 
pulp digester lined with Type 410 stainless steel and 
welded with 25-20 (Cr-Ni) electrodes the 12°) chrom- 
ium liner was badly corroded at the bond adjacent to 
the weld deposit.% Similarly, low-carbon ferritic 13 
and 17°) chromium stainless steels have become sus- 
ceptible to intergranular corrosion in the heat-affected 
zone of the base steel after welding with austenitic stain- 
less steel electrodes and in the absence of postheat 
treatments.' After a postheat treatment at about 
1380° F. (750° C.) the intergranular corrosion does not 
occur. Instead, severely accelerated corrosion may 
occur at the bond. According to Baerlecken,'”’ this 
susceptibility of welded ferritic chromium. stainless 
steels to intergranular corrosion by certain solutions has 
been avoided by the use of a titanium stabilized chrom- 
ium stainless base steel which does not require a post- 
heat treatment. Unfortunately, such a steel exhibits 
severe grain growth in the heat-affected zone and low 
ductility.'” 

When non-stabilized chromium stainless steels are to 
be welded with austenitic stainless-steel electrodes it 
may be necessary to line that side of the weld which is 
exposed to the corrosive environment with a final de- 
posit from a suitable chromium stainless-steel elec- 
trode.‘ However, such a joint generally requires a 
postheat treatment of | hr. at about 1350° F. (730° C.) 

Since galvanic corrosion depends upon the corrosive 
medium, the service environment to which the dis- 
similar-metal joint is exposed should be considered. 


APPLICATIONS 


Dissimilar-metal joints play an important part in the 
fabrication of many different types of industrial and 
military equipment. Thus accurate information on the 
welding and service characteristics of dissimilar-metal 
joints is of considerable interest to many manufactur- 
ers and users. In many instances, the useful service 
obtained from dissimilar-metal joints has been due not 
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so much to a metallurgically correct design, as to the 
fact that service conditions were not severe enough to 
result in failure. In fact, many joints have operated 
satisfactorily for as long as ten years before failure ac- 
tually occurred. At the time when these joints were 
welded, no such failures were anticipated.” 

The metallurgy of welding mild, low-, or high-alloy 
steels with austenitic stainless electrodes and, in 
particular, the effects of electrode composition, coating 
technique, microstructure, etc., on the service perform- 
ance of dissimilar-metal weldments is not always under- 
stood. Moreover, the type of service to which the 
joint is to be subjected may have much to do with its 
satisfactory performance. This last factor is some- 
times neglected. 

Each application involving dissimilar-metal joints 
requires individual study if failure in service is to be 
avoided. For example, differentiation should be made 
between weldments operating at normal atmospheric 
temperatures and those operating at elevated tempera- 
tures. Thus mild steels have been welded satisfactorily 
to the austenitic stainless steels with stainless-steel 
electrodes for room or slightly elevated temperature 
service without any difficulty.% Even with metallurgi- 
cally improperly balanced electrodes, fissured weld de- 
posits, and possibly improper welding technique, such 
joints have often performed satisfactorily in room- 
temperature service. Structural repairs on machinery 
frames, etc., are a good example of this type of dis- 
similar-metal joint.* On the other hand, depending 
on the temperature and the loading,” a joint, which is 
to operate under stress at temperatures above 900° F. 
(480° C.), may quickly fail. 

The characteristics of different electrode materials, 
welding processes, and procedures should also be con- 
sidered. The depositing of brittle weldments and the 
formation of fissures in the weld deposit should be 
avoided. These difficulties often increase with the use 
of automatic welding procedures used in production.** 


SPECIAL JOINTS 


Although standard welding procedures are generally 
used to join dissimilar metals, a few special types of 
joints have been produced commercially which are not 
directly fabricated by welding. Most common are the 
stainless clad steels which are the subject of a separate 
review.® 


The Kelcaloy Joint 


The Kelcaloy joint": ** (Fig. 23) which has been de- 
veloped by the M. W. Kellogg Co. has occasionally been 
used as transition piece between chromium-molyb- 
denum steel piping and stainless-steel valve sections in 
main steam piping. 

In its essential features the Kelcaloy joint is an elec- 
tric ingot type of process similar to the intermelting 
process® which is one of the commercial procedures used 
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Fig. 23 Examples of Kelcaloy joints. 


(A) Transition piece made for joining chromium-molybdenum alloy-steel piping to 


B 


a stainless-steel throttle valve. Inset shows plan of uniting the two alloys in a single casting. (B) Stainless-steel turbine 
throttle valve at right was welded to stainless-steel end of a special transition piece of stainless steel cast on a chromium- 


in the manufacture of stainless clad steels. In the 
Kelcaloy process, the stainless section is integrally 
“cast’’ on the chromium-molybdenum steel forging. 

The Kelealoy joint” has been designed to present, 
within practical limits, an essentially axial bond as a 
surface of revolution around the pipe axis between the 
austenitic and ferritic pipe materials instead of the 
essentially radial bond provided by a butt weld. 
With the austenitic alloy disposed on the outside and 
ferritic material on the inside, as presently done, the 
level of temperature stress is not greatly different from 
a butt joint, being perhaps somewhat higher. With a 
dissimilar butt weld there is a plane section involving 
heat-affected pipe at each end of the weld, in which the 
ductility and shock and fatigue resistance may be re- 
duced.” This reduced effectiveness is more acute on 
the ferritic side of the dissimilar weld due to metallurgi- 
cal effects. On butt welds the stresses caused by the 
differences in thermal expansion of the two pipes and 
weld metal may easily propagate initial welding defects 
in this radial zone, since an increase in the defect area 
proportionally reduces the sound metal area and in- 
creases the pressure load stress in the remaining sound 
metal.” On the Kelealoy joint bond weakness is 
axial rather than radial, which results in an essential 
layer construction locally without change in the dis- 
tribution of the pressure load.” 

In some applications where thermal fatigue, stress- 
corrosion cracking, or other embrittlements may occur 
which are initiated or promoted by high internal stresses 
this type of joint may offer advantages. 


RAILROAD EQUIPMENT 


Many dissimilar-metal combinations are made by 
arc, resistance, and other welding processes in the con- 
struction of railroad passenger cars. A typical ex- 
ample is the use of submerged-are butt welding in join- 
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ing 14-gage (0.0781-in.) side sheets. High-strength 
low-alloy steel grades are frequently substituted for a 
portion of the 18-8 (Cr-Ni) stainless steel side sheets. ** 
This type of joint is normally welded with 25-20 (Cr- 
Ni) wire by maintaining the majority of the weld on 
the stainless steel side in order to avoid any excessive 
dilution by the low-alloy steel.*? Furthermore, a small 
weld is desirable in order to minimize distortion of the 
side sheets. It is extremely difficult to place a small 
weld in the desired location under adverse production 
conditions of alignment and machine travel.*? In ad- 
dition, localized spots of excessive mixing may result 
from the differences in electrical resistance of the two 
different steels and from the tendeney of the arc to 
wander at high welding speeds. This condition has 
been found to produce transverse cold cracks in the 
martensite at the root of the weld Insufficient mix- 
ing has usually resulted in a high-alloy weld metal with 
transverse hot cracks in the center of the weld bead.** 

Maier*? in experimenting with various commercial 
stainless steel submerged-arc welding electrode wires 
produced the most satisfactory weldments with a 29-9 
(Cr-Ni) wire analysis. The wire was used with a Linde 
grade 90 flux containing a minimum of 49% molybdenum 
as ferromolybdenum. By specifying a maximum sili- 
con content of 0.40°% in the filler metal the formation 
of intergranular silicate films was prevented.* :*? The 
partially ferritic 29-9 (Cr-Ni) wire analysis and the 
molybdenum content were additional factors re- 
sponsible for eliminating hot cracking.** 


ELECTRICAL EQUIPMENT 


Since austenite is non-magnetic, austenitic weld 
joints in magnetic mild steel components are used in 


* The formation of intergranular silicate films in weldments containing 


over 0.60 to 0.75 % silicon has been associated with increased crack-sensitivity 
particularly when the structure is fully austenitic.? 
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switchgear and other electrical equipment to break up 
magnetic circuits. Tests by Frederick®! indicate that 
the thickness of plate material has no more direct 
bearing on groove width than for normal welding of 
mild-steel groove welds. Type of electrode, diameter of 
electrode, welding current, and welding technique are 
the prime factors, as all four determine the amount of 
diffusion. Dilution should not oceur to such an extent 
that the austenitic weld deposit becomes ferritic 
throughout its structure. A sketch of a typical weld 
test specimen is shown in Fig. 24. 

Although 25-20 (Cr-Ni) electrodes seem most suit- 
able, Frederick*! obtained satisfactory joints with 
titania-coated 18-8 (Cr-Ni) electrodes. On plate 
thicknesses of */;5 to *’s in. Frederick made square 
groove welds varying from '/, to */s in. in width. 
Since wider square grooves contained slag inclusions, 
plates having thicknesses above '/, in. had V-grooves 
with a 20-degree bevel. Different electrode composi- 
tions and other welding processes should well modify 
these relations. 


GAS TURBINES 

Whereas in steam turbines the rotors are generally 
forged, in gas turbines the majority of multi-stage 
rotors are presently fabricated by welding.® 

Single-stage rotors used in the majority of aircraft 
gus turbines are generally forged. However, in some 
single-stage rotor designs of the General Electric Co. 
and the Allison Co., the ferritic hub has been joined to 
the austenitic rim by welding.® 

The center or hub portion which is generally cooled 
to operate at temperatures below 1000° F. (540° C.) 
is made of a ferritic alloy steel—usually containing Ni, 
Cr, and Mo. The rim section, which is generally 
operated above 1000° F. (540° C.), is made of austen- 
itic stainless [16-25-6 (Cr-Ni-M»), for example] or 
other heat-resisting alloy materials. The turbine 
blades are then joined to the rim section. Since high 
stress-to-rupture properties are the most important 
characteristic which the turbine-blade material has to 
exhibit, highly alloyed compositions are generally used. 

According to Montandon!''' the steam turbine rotors 
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Fig. 24 Weld-test specimen for the determination of the 
magnetic properties of weld deposits®' 


62-s Thielsch—Stainless Weld Metal 


produced before the last war by Brown Boveri con- 
sisted of several ferritic steel forgings which were 
welded together with austenitic stainless-steel elec- 
trodes. The service temperatures of the welded rotors 
were in the range of 840 to 900° F. (450 to 480° C.). 
With a few exceptions where the weld deposits exhibited 
a high crack sensitivity all turbines were operated 
without any trouble for many years. Nevertheless, 
the welding procedure was changed to suitable ferritic 
alloy-steel electrodes, since they were less susceptible 
to cracking, and to avoid some of the other difficulties 
which may be found in dissimilar-metal joints.'"! 

In the case of gas turbine parts of turbo-supercharg- 
ers, where the service temperatures are much higher 
than in steam turbines, austenitic turbine blades which 
were welded with austenitic stainless steel electrodes to 
the ferritic steel disks, exhibited the following dif- 
ficulties: (1) cracks were present in the austenitic weld 
metal and (2) failures occurred during the high-tem- 
perature service in the ferritic base steel near the bond 
which could be ascribed to decarburization resulting 
from carbon migration into the austenitic weld metal. 
Thus, whenever possible, suitable ferritic stainless 
steel electrodes have been preferred in these types of 
turbines. 


High-Chromium Alloys 


High-chromium alloys have so far not become im 
portant commercially.“ However, a number of weld- 
ing tests have been performed on a few experimental 
alloys. 

High-chromium blade materials, containing, for 
example, 60° chromium, 15°% iron, and 25°% molyb- 
denum, require considerable welding precautions. 
The major welding difficulties arise from the fact that 
these high-chromium alloys are readily embrittled by 
the absorption of nitrogen and oxygen and by the 
formation of brittle compounds with the nickel which is 
contained in the electrode.* Results of preliminary 
studies suggest® the use of a 60Cr-35Fe—-5Mo electrode 
which is a readily forgeable alloy and which avoids 
formation of brittle compounds of nickel. Some pro- 
teetive atmosphere may be needed to avoid oxidizing 
and nitriding reactions during welding. 


High-Cobalt Alloys 


The high-cobalt alloys do not seem to be readily 
weldable with austenitic stainless electrodes. Thus 
bead-on-plate and restrained joint tests with 18-14—-Mo 
(Cr-Ni-Mo)—Type 316—electrodes (electric-are and 
submerged-are welding procedures) showed intergranu- 
lar weld-metal cracking as well as cracks in the heat-af- 
fected zone of Vitallium (29°% Cr, 65° Co, and 6% 
Mo)'': * and other heat-resisting aloys S-816 (45°) 
7 N-155 (20% ™ 7 and 6059 (34% 
Co).” However, under somewhat less severe welding 
conditions Evans and Constantine® successfully welded 
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cast Vitallium to carbon steel (SAE 1020) with Type 316 
stainless-steel electrodes. A very simple butt-type 
joint was used about |» in. deep between 1,%-in. di- 
ameter pieces. A preheat treatment was not re- 
quired. 

The primary difficulty in welding these high-cobalt 
alloys seems to be related to dilution. Welding proc- 
esses which keep dilution to a minimum are likely to 
hold the greatest promise for joining these cobalt-bear- 
ing alloys to austenitic stainless steels. 


High-Nickel Alloys 


The high-nickel alloys appear to exhibit better weld- 
ing characteristics than the high-chromium and high- 
cobalt materials. Nevertheless slight weld-metal 
cracking has been observed in 18-8-Mo (Type 316) 
weld metal which had been deposited on restraint and 
interbucket test specimens of Timken 16—-25-6 (16% 
Cr, 25% Ni, and 6° Mo) and Hastelloy B (70° Ni 
and 30° Mo). 
in these specimens.'! !4 


Underbead cracking was not observed 
More recent tests indicate 
that Hastelloy B can be satisfactorily welded with 18- 
14~Mo (Cr-Ni-Mo) Both the 
electric-arc and submerged-are process produced welds 


Type 316—electrodes. 


free from defects in either the bead-on-plate or the re- 
strained-joint test.” ® The welded joint ‘should be 
preheated and held at a temperature of about 600° F. 
(315° C.).* 


FIELDS FOR FURTHER STUDY 


This review of the available published and unpub- 
lished information on dissimilar-metal weldments re- 
veals many gaps in our knowledge and the need for 
many careful investigations. For example, the ad- 
vantages and disadvantages which may result from 
pre- and postheat treatment are not clearly understood. 
Although many specifications require or recommend 
postheat treatments, the resulting disadvantages often 
may outweigh the benefits gained. The effects of pre- 
heat treatments have also been misunderstood and 
should be further studied. Similar considerations hold 
true for peening which, although often beneficial, may 
also cause detrimental effects. 

Dilution should be further investigated. In particu- 
lar, the effects of various alloving elements merit con- 
sideration. 

Buttering with 25-20 (Cr-Ni) electrodes is a proce- 
dure about which considerable controversy exists. 
Whereas some investigators feel that buttering prevents 
or considerably minimizes weld-metal cracking others 
report that the use of 29-9 (Cr-Ni) electrodes and a 
standard multipass welding procedure (Fig. 19) is super- 
ior to buttering. These controversial reports should be 
investigated with respect to the effects of section size, 
amount of restraint, hardenability and composition of 
base steel, preheating, welding processes and procedure, 
electrode size, ete. 
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C., the ordinary room heat, to 100° C., the 
boiling point of water. The specimens all 
have the same length, about 2 in., to start 
with but the inventors have found that as 
temperatures are stepped up each speci- 
men changes in length in proportion to the 
amount of stress to which it has been pre- 
viously subjected. 

The apparatus automatically magnifies 
the amount of each expansion 3500 times 
and records it. In approximately two 
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hours the total linear expansion of all test 
specimens has been 
these values are plotted against the stresses 
previously applied to the specimens, it is 
found. that a sharp dip in the resulting 
curve appears at the point where the test 
material reaches its endurance limit. 

Tests have already been run on a chemi- 
cally complex steel alloy supplied by the 
Allegheny Ludlum Steel Corp., and the 
endurance limit which was found is ad- 
mittedly more accurate than that found 
by ordinary methods. 


“Since the Dilastrain Method permits 
the determination of such important engi- 
neering data as endurance limit with the 
greatest speed and accuracy, it is impos- 
sible to exaggerate its importance,” said 
Dr. Gunther Mobling, assistant director of 
research for Allegheny Ludlum. 

Test specimens are now being submitted 
by other basic industries. The inventors 
expect to make effective applications of the 
Dilastrain Method to testing special alloys 
which are subjected to high temperatures 
in jet motors and gas turbines. 
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Goggle fits cheeks and 
forehead snugly, gently, 
with wide rim for comfort 


A One-Cup Headrest Goggle 
made expressly for Gas Welding, Flame Cutting and Brazing 


e GOGGLE, with its large ventilated inside area, is lighter, cooler, easier to 
wear. Its one-piece molded plastic is strong, flame resistant, non irritating to the 
skin. It bears lightly, yet firmly, against cheeks and forehead, where its good fit 
excludes light and heat rays. It may be worn over regular prescription glasses 
or safety spectacles. 


e LENS, available in Federal Specification shades 3 through 6, is of standard 
2 by 414" size, protected by a cover glass. New spring clip fastening makes the 
lens easy to replace; no tools are needed. 

e HEADREST, with cork sweatband for comfort, is of light, easy to clean plastic, 
and is readily adjusted to any head size. Spring, concealed within telescopic 
arms, holds goggle snugly against the face. Hinged from opposite sides, weight 
is evenly distributed. 


To raise, pull up and for- 
ward in one quick move- 
ment... takes one second 


JACKSON UNIGOGGLE type W-60, shown 
above, has plastic headrest, telescopic arms. 


JACKSON UNIGOGGLE type WR-60, shown at left, has 
same eyecup and choice of lens shades, but is held 
against the face by an adjustable, elastic headband. 


SACK SON 


WARREN-MICHIGAN 


Put back on guerd again, 
goggle protects this weld- 
er quickly, comfortably 


sold World-Wide... 
through Distributors 
and Dealers 
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Airco’s versatile 800 torch meets the demands of 
today’s speeded-up production and maintenance 
schedules. Flame-cleaning .. . brazing .. . hard- 
facing ... welding the heaviest sections... whatever 
the work, in the shop, you can be sure that the 
“800” will handle it quickly and economically. 


For long life, the torch head is made of durable 

of trom the monel. Sturdy brass forgings and seamless brass 

800 torch, thanks to Airco’s 35 years of engineering gas tubes stand up to the roughest handling. All 
know-how. Learn about Airco’s complete line of arc components require little maintenance. 

and oxyacetylene equip and suppli Get in 

touch with your local Airco office today. Representa- “ ” 3 , 

ves will be glad to help you with any welding o The 800 is unexcelled for brazing, or for 

cutting problem. straightening and bending operations. A wide range 

of tips is available. By adding a cutting attachment, 

the Airco 800 torch can be quickly converted to 

cut steel from thin sheets up to 6” plate—ideal for 


the occasional cutting job. 


AIR REDUCTION 


AIR REDUCTION SALES COMPANY + AIR REDUCTION MAGNOLIA COMPANY 
AIR REDUCTION PACIFIC COMPANY 
REPRESENTED INTERNATIONALLY BY AIRCO COMPANY INTERNATIONAL 
Divisions of Air Reduction Company, Incorporated 


Offices in Principal Cities 
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